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[57] ABSTRACT

There are disclosed avermectin derivatives in which
position 13 of the avermectins has been inverted from
the normal (alpha) stereoschemustry to the epimeric
13-beta stereochemistry. The synthetic 13-ep1 analogs
are derived from the corresponding aglycones which in
turn are prepared by chemical modification of naturally
occurring avermectins. The compounds are active anti-
parasitic agents and compositions for that use are dis-
closed.

20 Claims, No Drawings
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13-EPI-AVERMECTIN DERIVATIVES USEFUL AS
ANTIPARASITIC AGENTS

BACKGROUND OF THE INVENTION

The avermectins (previously referred to as C-076
compounds) are a series of compounds produced by
fermentation of avermectin producing strains of Strepio-
myces avermitilis and derivatives thereof. The morpho-
logical characteristics of the culture are completely
described in U.S. Pat. No. 4,310,519. The production,
isolation, and structure determination of the avermec-
tins are fully described in Albers Schonberg et al J. Am.
Chem. Soc. 1981, 103, 4216-4221 and references cited
therein. The conversion of natural avermectin B to
22,23-dihydro-avermectin Bj. the potent broad spec-
trum anthelminthic agent known as ivermectin, has also
been described in the literature (Chabala et al J Med.
Chem. 1980, 23, 1134-1136). The naturally occurring
avermectins and the instant derivatives thereof have a
very high degree of anthelminthic and anti-parasitic
activity.

The naturally occurring avermectins are a series of
macrocyclic lactones which are substituted at position
13 with a disaccharide consisting of two oleandrose
residues. The preparation and properties of synthetic
avermectin aglycones in which the disaccharide moiety
has been removed leaving a free hydroxyl group at
position 13 have been described by Mrozik et al J. Org.
Chem. 1982, 47, 489-492 and by Chabala et al J Med
Chem. 1980, 23, 1134-1136. The natural compounds
have the following general structure:
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wherein the broken line indicates a single or double
bond and:

2
Compound broken line R R» R
Alg double bond — sec-butyl} —QOCH;
Ajp doubile bond — 1SO-propyv] —QOCHj;
A, single bond —QH sec-buty] —QOCH:3
A3p single bond —OH 1SO-propy| —OCH:
B, double bond — sec-butvi —OH
Bis double bond — 1so-propyl —OH
By, single bond —QOH sec-butyl —QH
Bsy single bond —0OH 150-propyvi —OH

The avermectins are generally i1solated as mixtures of
the a and b components (typically =280% a and =20%
b). Such compounds differ only in the nature of the R
substituent and this minor structural difference has been
found to have very little effect on the chemical reactiv-
ity or biological activity of the compounds. Thus al-
though the a and b components can be separated from
each other by chromatography this is not necessary and
hence is not normally done. The presence of a mixture
of a and b components ts indicated by dropping the a or
b from the designation of the compound. A mixture of
avermectin By, and avermectin Bpis thus referred to as
avermectin Bj.

A related family of natural products 1s known as the
milbemycins. The milbemycins have the same basic
structure as the avermectins but have no substitution at
position 13 and have a methyl or ethyl group at position
25 (R; =methyl or ethyl rather than 1sopropyl or sec-
butyl as in the avermectins). The milbemycins and the
fermentation conditions used to prepare them are de-
scribed in U.S. Pat. No. 3,950,360. Closely related 13-
deoxy-avermectin aglycones are prepared by chemical

CHj;

modification of the natural avermectins and have been
described in U.S. Pat. Nos. 4,171,134 and 4,173,571.
Recently a number of related compounds have been

R1 is hydroxy and is present only when said broken 60 described in European Patent Application EPO 170,006

line indicates a single bond;
R, is iso-propyl or sec-butyl; and
R 1s methoxy or hydroxy.
There are eight major natural avermectin com-

pounds, designated A4, A1p, A2a, A2p, Bia, B1s, B2gand 65

B,;. These designations are based on the structure of the
individual compounds as shown in the following table
(referring to the foregoing structural formula).

and U.K. application 2,166,436 (see also Carter et al, J.
Antibiotics 1988, 41, 519-529). These compounds are
essentially 13-deoxy-avermectin aglycones in which the
R side chain contains a double bond and, 1n some cases,
includes additional carbon atoms. Finally, a recent Eu-
ropean Patent Application, EPO 235085, describes the
conversion of various milbemycins to the 13-beta-
glycosyloxy analogs.
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SUMMARY OF THE INVENTION

This invention 1s concerned with certain avermectin
derivatives in which the stereochemistry at position 13
1s the opposite of the natural stereochemistry and the
use of these derivatives as antiparasitic agents. Thus it is
an object of this invention to describe these avermectin
derivatives. A further object of this invention is to de-
scribe processes for the preparation of these com-
pounds. A still further object is to describe the use of the
instant compounds as antiparasitic agents in the treat-
ment and prevention of parasitic diseases. A still further
oblJect 1s to describe compositions for the treatment of
parasitic diseases which contain the novel compounds
of this invention as the active ingredient thereof. Fur-
ther obJects will become apparent from a reading of the
foliowing description.

DESCRIPTION OF THE INVENTION

The compounds of the instant invention are best real-
1zed 1n the following structure:

OCH;

H3C O

CH

Rs

wherein the broken line indicates a single or double
bond at the 22,23 position;

R4 —on, nmyNH-loweralkyl, NH-loweralkanoyl;

Rs =O0OH, oxime, OCH23:

R23 =H, OH, provided R,3 is not OH if the broken
line indicates a double bond: and

R2s5 =loweralkyl.

In the nstant invention “loweralkyl” is intended to
include those alkyl groups of from 1 to 7 carbon atoms
In erther a straight or branched chain. Examples of such
loweralkyl groups are methyl, ethyl, propyl, isopropy],
butyl, sec-butyl, pentyl, hexyl, heptyl, and the like.

The term *loweralkanoyl” is intended to include
those alkanoyl groups of from 1 to 7 carbon atoms in
either a straight or branched chain. Examples of such
loweralkanoyl groups are formyl, acetyl, propionyl,
iIsopropionyl, butyryl, sec-butyryl, pentanoyl, hexanoy],
heptanoyl, and the like.

Preferred compounds of this invention are realized
when:

R4 —on, N2, NH-loweralkyl, NH-loweralkanoy];

Rs =0H, oxime, OCH3.

R>3 =H, OH:

Rys5 =loweralkyl: and

the broken line indicates a single or double bond (pro-
vided that the broken line does not indicate a single
bond if R4*=0H and R;3=H).

More preferred compounds of this invention are real-
1zed when:

N
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R4 =0OH, NH»>, NH-loweralkanoy]:
Rs =0OH:
R->3 =H, OH:

R>s =i1sopropyl or sec-butyl; and the broken line indi-
cates a single or double bond.
Still more preferred compounds of this invention are
reahzed when:
R4»=O0H, NH-loweralkanoyl;
R->3: =H, OH: and
the broken line indicates a single or double bond.
The most preferred compounds of this invention are
realized when:
R4 = on. NH-acervl,
R>3 =H, OH,
and the broken line indicates a single or double bond.
Examples of the preferred compounds of this inven-
tton are as follows:
13-epi- avermectin Bj
I -ep1-avermectin Bj
I13-ept-avermectin A
[ 3-epr-avermectin A3
4"-deoxy-4""amino 13-epi-avermectin B;
4"-ep1-amino-4"'deoxy 13-epi-avermectin B;
4"”-amino 4" -deoxy-13-epi-22,23-dihydro-avermectin B;
4"-ep1-amino-4''-deoxy-13-epi-22,23 dihydro-avermec-
tin By
4”"-amino-4"'-deoxy-13-epi-avermectin B>
4"”-ep1-amino-4"-deoxy-13-epi avermectin B
4"-methylamino-4"'-deoxy-13-epi avermectin B>
4"-ep1-methylamino-4''-deoxy-13-epi-avermectin B;
4" -methylamino-4''-deoxy-13-epi-22,23-dihydro-aver-
mectin By .
4"-epi-methylamino-4"-deoxy-13-epi-22,23dihydro-
avermectin By-
4"-methylamin-4"'-deoxy-13-epi-avermectin Bj
4" -epi-methylamino-4”'-deoxy-13-epi-avermectin B»
4"-acetylamino-4''deoxy-13-epi-avermectin B;
4"-epi-acetylamino-4"deoxy-13-epi-avermectin B
4"-acetylamino-4''deoxy-13-epi-22,23-dihydro-aver-
mectin Bj
4"-epi-acetylamino-4"'deoxy-13-epi-22,23-dihydro-aver-
mectic B
4"-acetylamino-4"deoxy-13-epi-avermectic B>
4"-acetylamino-4''deoxy-13-epi-avermectin B
13-epi-avermectic Bl5-oxime
13-epi-avermectin B25-oxime

PREPARATION OF STARTING MATERIALS

The starting materials for this invention are disclosed
in Albers-Schonberg et al. J Am. Chem. Soc. 1981, 103,
4216-4221 and references cited therein (naturally oc-
curring avermectins), Chabala et al J. Med. Chem. 1980,
23, 1134-1135 (22, 23-dihydro-avermectin By (ivermec-
tin), and 22,23-dihydro-avermectin Bj-aglycone),
Mrozic et al J. Org. Chem. 1982, 47, 489-492 (avermec-
tin aglycones), Mrozik et al J. Med. Chem. 1989, 32,
375-381 (13-epi-avermectin aglycones), Linn et al U.S.
Pat. No. 4,587,247, and Blizzard et al J. Org. Chem.
1989, 54, 1756 (avermectin disaccharide).

The novel compounds of this invention are prepared
by the following procedures:

The instant compounds are prepared by attaching a
disaccharide unit to a 13-epi-avermectin aglycone. At-
tachment of the disaccharide may be effected by a vari-
ety of glycosylation procedures such as reaction of the
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aglvcone with a glycosyl fluoride or other halide in the
presence of one or more salts of various metals such as
silver. tin, mercury, copper and the like. An alternative
procedure involves reaction of the aglycone with a

6

toluene, and the like with a dipyridyl disulfide such as
2,2'-dipynidyl disulfide and the like and a tri-aryl or
tri-alkyl phosphine such as tributylphosphine or tr-
phenylphosphine, and the like at temperatures ranging

glycosyl phenylsulfide or a glycosyl pyridylsulfideora 5 from 0° C. to 35° C. for one hour to 48 hours. The
glycosyl phenylsulfoxide in the presence of an activat- reaction 15 worked up and the giycosyl pynidylsulfide
ing electrophile such as N-bromosuccinimide, N- tsolated and purified using standard techniques known
1odosuccinimdie, trifluoromethane-sulfonic anhydride to those skilled in the art. Reaction of the disaccharide
and the like or metal salts such as silver trifluorometh- with 2,2'-dipyridyl disulfide and tributylphosphine in
anesulfonate, silver perchlorate, mercuric nitrate, tin 10 dichloromethane at room temperatureis preferred. The
chloride. and the like or a combination of an activating glycosylation reaction 1s carried out by adding a solu-
electrophile and a metal salt. Another alternative 1s tion of the glycosyl pyridylsulfide 1in a non-nucleophilic
reaction of the 13-epi-aglycone with a disaccharide solvent such as acetonitrile, ether, tetrahydrofuran
glycal (vinyl ether) and an electrophilic activating (THF), chloroform, acetone, and the like to a reaction
agent such as N-iodosuccinimde or an acid such as 15 mixture consisting of a solution of the 13-epi-aglycone
toluenesulfonic acid, pyridinium toluenesulfonate, and in the same solvent and one or more metal salts such as
the like may be used. silver trifluoromethane-sulfonate, silver perchlorate, tin
The process is illustrated in the following reaction chloride, tin sulfate, mercuric chloride, copper sulfate,
scheme: copper bromide, and the like with or without added
R23
OCH; CH; g CHs
Ry" HO x O
4 13
OCH; " O R2s
H;C O O H3C l
On ©
H1,C O R ‘
OH
O
CH3
Rs
OCH;
R4"
¥ OCH;
H3C O O Ra3
CH; ~ CH3
H1C 0 O O
moN
O R2s
H;C |
O ©
| on
O
CHj3
Rs

where R is halogen, pyridylthio, phenylthio, phenylsul-
foxy, or phenylsulfonyl and Rs, R»3, Ras and Rg4vare as
defined above (except that free secondary hydroxyl
groups are protected as described below).

Reaction of the aglycone with a glycosyl pyridylsul-
fide or a glycosyl fluoride is preferred. The glycosyl
pyridylsulfide is prepared by treating a solution of the
disaccharide (free anomeric OH) in a non-nucleophilic
solvent such as dichloromethane, chloroform, benzene,

65

molecular sieves at temperatures ranging from —20° C.
to room temperature for 15 minutes to 48 hours. The
reaction 1s worked up and the product isolated and
purified using standard techniques known to those
skilled in the art. Reaction of the aglycone and the
glycosyl pynidylsulfide 1n acetonitrile in the presence of
silver trifluoromethanesulfonate is preferred. The gly-
cosyl fluoride is prepared by treating a solution of the



J,055,454

.

disaccharide (free anomeric OH) in a non-nucleophilic
solvent such as dichloromethane. chloroform. and the
ltke with a strong fluorinating agent such as die-
thylaminosulfur trifluoride (DAST), dimethylaminosul-
fur trifluoride (methyl DAST). and the like at tempera-
tures ranging from —40° C. to room temperature for 5
minutes to one hour. The reaction is worked up and the
glycosyl fluoride 1solated and purified using standard
techniques known to those skilled in the art. Alterna-
tively, the glycosyl fluoride may be prepared by treat-

ing a glycosyl phenylsulfide (prepared by reaction of

the disaccharide with phenyl disulfide and tributyl- or
triphenyl-phosphine in an inert solvent such as benzene
or dichloromethane at room temperature for 1 to 24
hours) with DAST and an electrophilic activating agent
such as N-bromosuccinimide, N-iodosuccinimide, and
the like 1n a non nucleophilic solvent such as dichloro-
methane, chloroform, and the like at temperatures rang-
ing from —40" C. to room temperature for 5 minutes to

one hour. The reaction is worked up and the glycosyl
fluoride 1solated and purified using standard techniques

known to those skilled in the art. Reaction of the disac-
charide with DAST in dichloromethane at room tem-
perature 1s preferred. The glycosylation reaction is car-
ried out by adding a solution of the glycosyl fluoride in
a non nucleophilic solvent such as ether, tetrahydro
furan (THF), chloroform, acetone, and the like to a
reaction mixture consisting of a solution of the aglycone
in the same solvent and one or more metal salts such as
silver perchlorate, silver trifluoro-methanesulfonate, tin
chloride, tin sulfate, mercuric chloride. copper sulfate
and the hke with or without added molecular sieves at
temperatures ranging from —20° C. to room tempera-
ture for 15 minutes to 48 hours. The reaction is worked
up and the product 1solated and purified using standard
techniques known to those skilled in the art. Reaction of
the aglycone and the glycosyl fluoride in ether in the
presence of silver perchlorate, tin (II) chloride, and 3A
molecular sieves is preferred.

The requisite 13-epi-avermectin aglycones may be
prepared by inversion of the stereochemistry at position
13 of the corresponding avermectin aglycone (for ex-
ample, 13 ep1 avermectin B; aglycone is prepared by
inversion of position 13 of avermectin B; aglycone).
Preparation of the avermectin aglycones is fully de-
scribed 1n the literature references cited above. The
inversion may be accomplished by a number of proce-
dures including nucleophilic displacement of a leaving
group, such as a tosylate, mesylate, o-nitrobenzene sul-
fonate, and the like (prepared by reaction of the agly-
cone with the corresponding sulfonyl chloride using
standard techniques known to those skilled in the art), at
position 13 by an oxygen nucleophile such as a nitrate,
a carbonate, a carboxylate, superoxide, and the like in a
non nucleophilic solvent such as ether, tetrahydrofuran,
dimethylformamide, benzene, and the like at tempera-
tures ranging from room temperature to the reflux tem-
perature of the solvent for 1 to 24 hours or, alterna-
tively, by displacement of the aforementioned leaving
group by a halide nucleophile, such as iodide, bromide,
and the like 1n a non-nucleophilic solvent such as ether,
tetrahydro-furon, dimethylformamide, benzene, and the
like at temperatures ranging from room temperature to
the reflux temperature of the solvent for 1 to 48 hours.
The resulting halide (now with the 13-epi stereo-chem-
1stry) may serve as a leaving group in a subsequent
solvolysis reaction with water, which may be effected
by treating a solution of the halide in a solvent such as
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tetrahydrofuran. ether, benzene and the like with water
with or without added silver salts such as silver trifluo-
romethanesulfonate, silver tetrafluoroborate, silver ni-
trate, and the like at temperatures ranging from 0° C. to
the reflux temperature of the solvent for 15 minutes to
24 hours. Alternatively, the 13-epi-aglyvcone may be
prepared by reduction of a 13-ketone derivative (pre-
pared by oxidation of the aglycone with a DMSQ based
reagent such as DMSO/oxalyl chloride or a chromium
based reagent such as pyridintum chlorochromate using
procedures well known to those skilled in the art) with
an appropriate reducing agent such as sodium borohy-
dride, diborane, lithium tri-t-butoxyaluminum hydride
and the like 1n a solvent such as methanol, ethanol, ether
and the like at temperatures ranging from 0° C. to room
temperature for 15 minutes to 24 hours. Conversion of
the aglycone to the 13 -epi-agiycone by reaction of the
13-tosylate with potassium iodide in dimethyl-forma-
mtde and subsequent solvolysis of the resulting 13 -epi-
10dide by reaction with water in tetrahydro-furan with
added silver trifluoromethanesulfonate or silver tetra-
fluoroborate is preferred. The reaction 1s worked up
and the 13-epi1-aglycone isolated and purified using stan-
dard procedures known to those skilled in the art.

During the preparation of the 13-epi-aglycone (by
inversion of the stereochemistry of position 13) and
during the attachment of the disaccharide to the 13-epi-
aglycone 1t 1s necessary to protect other secondary
hydroxyl groups in the molecule (note that it is not
necessary to protect the tertiary hydroxyl present at
position 7) with a protecting group which may be re-
moved after the reaction is accomplished. Suitable pro-
tecting groups include tert-butyldi-methylsilyl, tert
butyldiphenylsilyl, phenoxyacetyl, acetyl, and the like.
The tert butyldimethylsilyl group is preferred and is
introduced by treating a solution of the alcohol in di-
methylformamide (DMF) with an excess of imidazole
and a silylating reagent such as tert-butyldimethylsilyl-
chloride, tert-butyldimethylsilyltrifluoromethanesul-
fonate, and the like at temperatures ranging from 25° C.
to 50° C. for 4 to 48 hours. The reaction is then worked
up and the product isolated and purified using standard
techniques known to those skilled in the art. The Pro-
tecting group may be removed by treatment with a
solution of hydrogen fluoride in a pyridine / tetrahy-
drofuran solvent mixture. Alternatively, the protecting
group may be removed by treatment with a solution of
p-toluenesulfonic acid (0.5~2%) in methanol at 0° C. to
25" C. for 0.5 to 8 hours. Deprotection with hydrogen
fluoride 1in pyridine / tetrahydrofuran is preferred. In
both cases reaction workup and product isolation and
purification are by standard techniques well known to
those skilled in the art.

An amino substituent may be introduced at position
4"by reductive amination of a 4"’ -ketone which is in turn
prepared by oxidation of the 4”-hydroxyl group present
in the avermectins. The amino substituent may be intro-
duced (and acylated if desired) either before or after
coupling of the disaccharide to the aglycone (introduc-
tion before coupling is preferred). During the oxidation
of the hydroxyl group at C -4"it is necessary to protect
other secondary hydroxyl groups in the molecule (note
that 1t 1s not necessary to protect the tertiary hydroxyl
present at position 7) as described above. If the oxida-
tion 1s performed on the disaccharide before coupling to
the aglycone the anomeric hydroxyl may be protected
by conversion of the disaccharide to the glycosyl phe-

nylsulfide (which can be later converted to the glycosyl
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fluoride for glycosylation) as described above. With
other secondary hydroxyl groups protected the hy-
droxyl group at position 4"'can be oxidized by a variety
of methods to afford the ketone derivatives necessary
for conversion to amino and acylamino analogs. The
oxidation of this hydroxyl group can be effected by
using a variety of oxidation procedures. inciuding oxi-
dation with dimethyisulfoxide (DMSQO) based systems
commonly known 1o those skilled in the art as Swern
(or Moftat) oxidations (DMSO-oxalyl-chloride,
DMSO-acetic anhydride, DMSO-trifluoroacetic anhy-
dride and the like) as well as oxidations with chromium
based reagents (pyridinium chlorochromate, pyridinium
dichromate, and the like), or other methods known to
those skilled in the art. The DMSO based oxidations are
preferred. The oxidation reagent 1s generated by treat-
ing a solution of DMSO 1n a non-nucleophilic solvent
such as dichloromethane, chlorform, ether (preferred),
tetrahydrofuran and the like with an electrophilic acti-
vating agent such as oxalyl chloride (preferred), dicy-
clohexyl carbodiimide (DCC), phosgene, and the like at
temperatures ranging from —90° C. to —55° C. and
stirring the mixture thus formed at this temperature for
10 to 90 minutes. To the oxidizing reagent thus gener-
ated 1s added, at the same temperature, a solution of the
alcohol in the solvent used to generate the reagent. The
solution i1s stirred at temperatures ranging form —90° C.
to —55° C. for 10 to 90 minutes then a hindered base
such as triethylamine, diuisopropyilethylamine, and the
like i1s added. The temperature is raised to 0° C. to 30° C.
and the mixture stirred at this temperature for 10 to 90

minutes. The reaction is then-worked up and the prod-
uct 1solated and purified using standard techniques

known to those skilled 1n the art.

The 4”-ketone functionality thus generated may be
used to introduce amino substituents at position 4”-via a
reductive amination reaction. The reductive amination
affords an avermectin mixture consisting of both possi-
ble stereoisomers at position 4'(4"-alpha-amino and
4"'-beta amino) which is referred to herein as 4'’-amino-
avermectin. The reductive amination is accomplished
by treating a solution of the ketone in an alcoholic sol-
vent such as methanol, ethanol, and the like with an
ammonium salt such as ammonium acetate (preferred),
ammonium formate, ammonium benzoate and the like at
temperatures ranging from —25° C. to 25° C. for 15 to
60 minutes then adding sodium cyanoborohydride to
the resulting mixture and stirring at temperatures rang-
ing from 0° C. to 30° C. for 30 to 90 minutes. The reac-
tion is then worked up and the product 1solated and
purified using standard techniques known to those
skilled i1n the art. The reaction may be modified by
substituting an alkylammonium salt in the place of am-
monium acetate in the above procedure to prepare aver-
mectin derivatives substituted with an alkylamino
group at the 4"'position.

The amino (or alkylamino) substituted derivatives
prepared as described above may be acylated to provide
acylamino analogs. The acylation is accomplished by
~ treating a solution of the 4’amino or 4"-alkylamino
analog in a halogenated solvent such as dichlorometh-
ane, chloroform or the like with one molar equivalent of
an acylating agent such as an alkanoy! chloride (pre-
ferred), alkanoy] bromide, alkanoic acid in combination

with dicyclohexylcarbodiimide, and the like 1n the pres-

ence of a base such as triethylamine, pyridine and the
like with or without the addition of a nucleophilic cata-
lyst such as dimethylaminopyridine at temperatures
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ranging.from —10° C. to 35° C. for 15 minutes to 24
hours. The reaction 1s then worked up and the product
1solated and punified using standard techniques known
to those skilled 1n the art. Note that it i1s not necessary to
protect secondary alcohols in the molecule during the
acylation reaction as the amino functionality is suffi-
ciently more reactive that acylation occurs selectively
at nitrogen.

Oximes may be generated at position 5 via the 35-
ketone. This ketone 1s prepared by oxidation of a com-
pound with a 5-hydroxyl group using one of the oxida-
tion methods described above. Oxidation with manga-
nese dioxide 1s preferred. The oxidation is carried out by
treating a solution Of the alcohol in a non-hydroxylic
solvent such as benzene, dichloromethane, chloroform,
tetrahydrofuran, and the like with an excess of manga-
nese dioxide at temperatures ranging from 25° C. to the
reflux temperature of the solvent for 4 to 48 hours. The
reaction 1s worked up and the product isolated and
purified using standard techniques known to those
skilled 1in the art. The ketone thus generated may be
used to prepare oximes or alkoximes by a number of
procedures. Generally, an excess of hydroxylamine

hydrochloride or the appropnate alkoyxlamine hydro-
chloride (methoxylamine hydrochloride for a methox-
ime, etc.) 1s added to a solution of the ketone in pyridine
and the solution stirred at temperatures ranging from Q°
C. to 50° C. for 3-36 hours. Alternatively the amine
hydrochloride 1s added to a solution of the ketone in a
neutral solvent such as benzene, tetrahydrofuran, diox-
ane, dichloromethane, ethanol, and the like following
by a molar equivalent of a base such as sodium acetate.
sodium hydroxide, triethylamine, and the like. The re-
sulting mixture 1s stirred at temperatures ranging from
0° C. to 50° C. for 3-36 hours. In either case the reaction
1s worked up and the product isolated and purified using
standard techniques known to those skilled in the art.

The mstant compounds of this invention are unex-
pectedly potent antiparastic agents against endo and
ecto parasites, particularly helminths and arthropods,
which cause numerous parasitic diseases in humans,
animals, and plants. In addition, the instant compounds
are unexpectedly less toxic to mammals than are the
corresponding compounds with the natural stereochem-
istry at position 13.

Parasitic diseases may be caused by either endopara-
sites or ectoparasites. Endoparasites are those parasites
which live inside the body of the host, either within an
organ (such as the stomach, lungs, heart, intestines, etc.)
or simply under the skin. Ectoparasites are those para-
sites which live on the outer surface of the host but still
draw nutrients from the host.

The endoparasitic diseases generally referred to as
helminthiasis are due to infection of the host with para-
sitic worms known as helminths. Helminthiasis is a
prevalent and serious worldwide economic problem
due to infection of domesticated animals such as swine,
sheep, horses, cattle, goats, dogs, cats, and poultry.
Many of these infections are caused by the group of
worms described as nematodes which cause diseases in
various species of animals throughout the world. These
diseases are frequently serious and can result in the
death of the infected animal. The most common genera
of nematodes infecting the animals referred to above are
Haemonchus, Trichostrongylus, Ostertagia, Nematodi-
rus, Cooperia, Ascaris, Bunostomum, Oestophagos-
tomum, Chabertia, Trichuris, Strongylus, Trichonema,
Dictyocaulus, Capillaria, Heterakis, Toxocara, Ascari-
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dia, Oxyurns. Ancylostoma, Uncinaria. Toxascaris, and
Parascaris. Many parasites are species specific (infect
only one host) and most also have a preferred site of
infection within the animal. Thus Haemonchus and
Ostertagia primarily infect the stomach while Nemato-
dirus and Cooperia mostly attack the intestines. Other
parasites prefer to reside in the heart, eyes, lungs, blood
vessels, and the like while still others are subcutaneous
parasites. Helminthiasis can lead to weakness. weight
loss, anemia, intestinal damage, malnutrition. and dam-
age to other organs. If left untreated these diseases can
result in the death of the animal.

Intections by ectoparasitic arthropods such as ticks,
mites, lice, stable flies, hornflies, blowflies, fleas, and the
like are also a serious problem. Infection by these para-
sites results in loss of blood, skin lesions, and can inter-
fere with normal eating habits thus causing weight loss.
These infections can also result in transmission of seri-
ous diseases such as encephalitis, anaplasmosis, swine
pox, and the like which can be fatal.

Ammals may be infected by. several species of para-
sites at the same time since infection by one parasite
may weaken the animal and make it more susceptible to
infection by a second species of parasite. Thus a com-
pound with a broad spectrum of activity is particularly
advantageous In the treatment of these diseases. The
compounds of this tnvention have unexpectedly high
activity against these parasites, and in addition are also
active against Dirofialaia in dogs, Nematospiroides and
Syphacia in rodents, biting insects, and migrating diper-
ous larvae such as Hypoderma sp, in cattle, and Gas-
trophilus in horses.

The nstant compounds are also useful against endo
and ecto parasites which cause parasitic diseases in
humans. Examples of such endoparasites which infect
man include gastro-intestinal parasites of the genera,
Ancylostoma, Necator, Ascaris, Strongyloides, Trichi-
nella, Capillaria, Trichuris, Enterobius, and the like.
Other endoparasites which infect man are found in the
blook or in other organs. Examples of such parasites are
the filarial worms Wucheria, Brugia, Onchocerca, and
the like as well as extra-intestinal stages of the intestinal
worms Strongylides and Trichinella. Ectoparasites
which parasitize man include arthropods such as ticks,
fieas, mites, lice, and the like and, as with domestic
animals, infections by these parasites can result in trans-
mission of serious and even fatal diseases. The instant
compounds are active against these endo and ecto para-
sites and tn addition are also active against biting insects
and other dipterous pests which annoy humans.

The instant compounds are also useful against com-
mon household pests such as Blatella sp. (cockroach),
tineola sp. (clothes moth), Attagenus sp. (carpet bettle),
Musca domestica (housefly) and against Solenopsis In-
victa (imported fire ant).

The compounds are furthermore useful against agri-
cultural pests such as aphids (Acyrthiosiphon sp.), lo-
custs, and boll weevils as well as against insect pests
which attack stores grains such as Tribolium sp. and
against immature stages of insects living on plant tissue.
The compounds are also useful as a nematodicide for
the control of soil nematodes which may be agricuitur-
ally important.

For use as an antiparasitic agent in animals the instant
compounds may be administered internally either orally
or by injection, or topically as a liquid drench or as a
shampoo.
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For oral administration. the compounds may be ad-
ministered in capsule, tablet, or bolus form or alterna-
tively they can be mixed in the animals feed. The cap-
sules, tablets. and boluses are comprised of the active
ingredient in combination with an appropriate carrier
vehicle such as starch. talc. magnesium stearate, or
di-calcium phosphate. These unit dosage forms are pre-
pared by intimately mixing the active ingredient with
suitable finely powdered inert ingredients including
diluents. fillers. disintegrating agents, and/or binders
such that a uniform mixture 1s obtained. An inert ingre-
dient 1s one that will not react with the instant com-
pounds and which 1s non-toxic to the animal being
treated. Suitable inert ingredients include starch, lac-
tose, talc, magnesium stearate, vegetable gums and otls.
and the like. These formulations may contain a widely
variable amount of the active and inactive ingredients
depending on numerous factors such as the size and
type of the animal species to be treated and the type and
severity of the infection. The active ingredient may also
be administered as an additive to the feed by simply
mixing the compound with the feedstuff or by applying
the compound to the surface of the feed. Alternatively
the active ingredient may be mixed with an inert carrier
and the resulting composition may then either be mixed
with the feed or fed directly to the animal. Suitable inert
carriers include corn meal, citrus meal, fermentation
residues, soya grits, dried grains and the like. The active
ingredients are intimately mixed with these inert carri-
ers by grinding, stirring, milling, tumbling such that the
final composition contains from 0.001 to 5% by weight

of the active ingredient.

The compounds may alternatively be administered
parenterally via injection of a formulation consisting of
the active ingredient dissolved in an inert liquid carrier.
Injection may be either intramuscular, intraruminal,
intratracheal, or subcutaneous. The injectable formula-
tion consists of the active ingredient mixed with an
appropriate inert liquid carrier. Acceptable liquid carri-
ers include the vegetable oils such as peanut oil, cotton
seed oil, sesame oil and the like as well as organic sol-
vents such as solketal, glycerol formal and the like. As
an alternative, aqueous parenteral formulations may
also be used. The vegetable oils are the preferred liquid
carriers. The formulations are prepared by dissolving or
suspending the active ingredient in the liquid carrier
such that the final formulation contains from 0.005 to
10% by weight of the active ingredient.

Topical application of the instant compounds is possi-
ble through the use of a liquid drench or a shampoo
containing the instant compounds as an aqueous solu-
tion or suspension. These formulations generally con-
tain a suspending agent such as bentonite and normally
will also contain an antifoaming agent. Formulations
containing from 0.005 to 10% by weight of the active
ingredient are acceptable. Preferred formulations are
those containing from 0.01 to 5% by weight of the
Instant compounds.

The instant compounds are primarily useful as anti-
parasitic agents for the treatment and/or prevention of
helminthiasis in domestic animals such as cattle, sheep,
horses, dogs, cats, goats, swine, and poultry. They are
also useful in the prevention and treatment of parasitic
infections of these animals by ectoparasites such as
ticks, mites, lice, fleas and the like. They are also effec-
tive 1n the treatment of parasitic infections of humans.
In treating such infections the compounds of this inven-
tion may be used individually or in combination with



5,055,454

13

each other or with other unrelated antiparasitic agents.
The dosage of the instant compounds required for best
results depends on several factors such as the species
and size of the animal. the type and severity of the
infection, the method of administration and the com-
“pound used. Oral administration of the instant com-
pounds at a dose level of from 0.0005 to 10 mg per kg of
animal body weight, either in a single dose or in several
doses spaced a few days apart, generally gives good
results. A single does of one of the instant compounds
normally gives excellent control however repeat doses
may be given to combat re-infection or for parasite
species which are unusually persistent. The techniques
for administering these compounds to animals are
known to those skilled in the veterinary field.

The compounds of this invention may also be used to

thn
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15

combat agricultural pests which attack crops either in

the field or in storage. The compounds are applied for
such uses as sprays, dusts, emulsions and the like either
to the growing plants or the harvested crops. The tech-
niques for applying these compounds in this manner are
known to those skilled in the agricultural arts.

The following examples are provided in order that
this invention might be more fully understood. they are
not to be construed as limitative of the invention. The
avermectin derivatives prepared in the following exam-
ples are generally isolated as amorphous solids rather
than crystalline solids. They are characterized analyti-
cally using techniques such as nuclear magnetic reso-
nance, mass spectrometry, elemental analysis, and the
like. Being amorphous the compounds are not charac-
terized by sharp melting points but the chromato-
graphic and analytical methods employed indicate that
they are pure.

EXAMPLE 1

5-0-t-butyldimethylsilyl-22,23-dihydro-avermectin B
aglycone

tert-Butyldimethylsilyl chloride (851 mg) was added
to a solution of 22,23-dihydro-avermectin Bl aglycone
(3.0 g, prepared as described in Chabala et al, J. Med.
Chem. 1980, 23, 1134) and imidazole (873 mg) in 10 ml
of dry dimethylformamide and the solution stirred at
room temperature for 22 hours. The reaction mixture
was partitioned between ether (50 ml) and water (100
ml). The aqueous layer was extracted with ether (2 X 20
ml) and the combined organic layers dried with magne-
sium sulfate, filtered and evaporated. The crude prod-
uct was purified on a silica gel column eluted with
12.5% acetone in hexane to afford 1.97 g of a white
foam which was identified by 1H NMR and mass spec-
trometry as 35-0O-t-butyl-dimethylsilyl-22,23-dihydro-
avermectin Bl agiycone. Elemental analysis: calculated
for C40H6408Si: C, 68.53; H, 9.20; Found: C, 68.40; H,
9.47.

EXAMPLE 2
5-0-t-butyldimenthylsilyil-avermectin Bl-aglycone

tert Butyldimethylsilyl chloride (35 mg) was added to
a solution of avermectin B1 aglycone (124 mg, prepared
as described in Mrozik et al, J. Org. Chem. 1982, 47. 489)
and imidazole (36 mg) in 2.5 ml of dry dimethylformam-
ide and the solution stirred at room temperature for 24
hours. The reaction mixture was partitioned between
ether (25 ml) and water (25 ml). The aqueous layer was
extracted with ether (20 ml) and the combined organic
layers dried with magnesium sulfate, filtered and evapo-
rated. The crude product was purified by preparative
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layer chromatography on a 2.0 mm silica gel plate
eluted with 259z acetone in hexane to afford 82 mg of a
white foam which was identified by 1H NMR and mass
spectrometry as 5-0- t-butyldimethylsilyl-avermectin
B1 aglycone.

"EXAMPLE 3

5.23-bis-O-t-butyldimethylsilyl-avermectin
Bl-aglycone

tert-Butyldimethylsilyl chloride (1.15 g) 1s added to a
solution of avermectin B2 aglycone (2.0 g, prepared as
described in prepared as described in Mrozik et al, J.
Org. Chem. 1982, 47, 489) and imidazole (1.30 g) in 10
ml of dry dimethylformamide and the solution 1s stirred
at room temperature for 22 hours. The reaction mixture
is then partitioned between ether (50 ml) and water (100
mi). The aqueous layer i1s extracted with ether (2 X 20
ml) and the combined organic layers dried with magne-
sium sulfate, filtered and evaporated. The crude produ:t
is purified on a silica gel column eluted with 12.5%
acetone in hexane to afford 5,23-bis-O-t-butyldi-methyl-
silyl-avermectin methylsilyl avermectin B2-agiycone
which 1s identified by 1H NMR and mass spectrometry.
Elemental analysis: calculated for C46H7809¢812 C,
66.46: H, 9.46; Found: C, 66.51; H, 9.80.

EXAMPLE 4

5-O-t-butyldimethylsilyl-13-beta-iodo-13-deoxy-22,23-
dihydro-avermectin Bj-aglycone

A solution of o-nitro-benzenesulfonyl chloride (2.40
g) in 40 ml of dry dichloromethane was added dropwise
over a period of 1.5 hours to a solution of 5-O-t-butyl-
dimethylsilyl-22,23 dihydro-avermectin B1 aglycone
(2.30 g), dimethylamino-pyridine (1.7 g), tetrabutylam-
monium iodide (4.6 g) and diisopropylethylamine (2.77
ml) in 40 ml of dry dichloromethane. The resulting
solution was stirred at room temperature for 16.5 hours
then partitioned between dichloromethane (20 ml) and
1M aqueous NaH;PO4 (40 ml). The organic layer was
washed with IN HCI (40 ml) and water (40 ml) then
dried over MgSQy4, filtered, and evaporated. The
orange brown tarry residue was extracted repeatedly
with 30 ml portions of hot ether until analytical TLC
indicated that all of the product had been extracted. The
combined ether extracts were dried over MgSQOy, fii-
tered, and evaporated. The residue was purified on a
silica gel column eluted with 9% acetone in hexane to
afford 1.36 g of a white foam (R0.38) which was identi-
fied by !H NMR and mass spectro-metry as 5-O-t butyl-
dimethylsilyl-13-beta-10do-13-deoxy-22,  23-dihydro-
avermectin Bi-aglycone. An additional 601 mg of im-
pure material was obtained by concentration of frac-
tions containing the product plus impurities.

EXAMPLE 5 5-O-t
butyldimethylsilyl-13-beta-iodo-13-deoxy avermectin
B -aglycone

Application of the procedure described above (Ex-
ample 4) for the preparation of 5-O-t-butyl-dimethylsi-
lyl-13-beta-iodo-13-deoxy-22,23-dihyro-avermectin bi-
aglycone to 5-O-t-butyldimethylsilyl-13-beta-10do-13-
deoxy-avermectin bj-aglycone which 1s i1dentified by
IH NMR and mass spectrometry.
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EXAMPLE 6 5,23-bis-O-t
- butyldimethylsilyl-13-beta-iodo-13-deoxy-avermectin
Bs-aglycone

Toluenesulfonic anhvdride (3.0 g) was added to a
solution of 5,23-bis-O-1 butyldimethylsilyl-avermectin
By-aglycone (1.5 g), dimethylamino-pyridine (1.1 «g),
and dusopropylethylamine (2.2 ml) in 15 m] of deutero-
chloroform (note that deutero-chloroform is used as the
solvent so that the reaction may be followed easily by
NMR, alternatively chloroform may be used as the
solvent and the reaction allowed to proceed for a prede-
termined time). The mixture was stirred at room tem-
perature for 16 hours then partitioned quickly between
dichloromethane (25 ml) and water (25 ml). The aque-
ous layer was extracted with dichloromethane (3 %25
ml) and the combined organic layers dried over
MgSOy, filtered and evaporated. The resulting orange
oil was dissolved in 25 ml of dry dimethyl-formamide
then potassium iodide (3.3 g) was added. The mixture
was stirred at 60° C. for 75 minutes then cooled to room
temperature and partitioned between ether (50 ml) and
water (50 ml). The aqueous layer was extracted with
ether (3 X 50 ml) and the combined organic layers dried
over MgSQ0y, filtered and evaporated. The residue was
purified on a silica gel column eluted with 4% acetone
in hexane to afford 520 mg of a white foam (R70.20)
which was identified by 'H NMR and mass spectrome-

try as 5,23-bis-O-t-butyldimethylsilyl-13-beta-iodo-13-

deoxy-avermectin Bj-aglycone. Elemental analysis:
calculated for C46H77035S121: C, 58.70; H, 8.24: Found:
C, 58.79; H, 8.52.

EXAMPLE 7 13-beta-iodo-13-deoxy-avermectin
Aj-aglycone

Apphcation of the procedure desribed above (Exam-
ple 4) for the preparation of 5-O-t-butyldi-methylsilyl-
13-beta-iodo-13-deoxy-22,23-dihydro-avermectin =~ Bj-
aglycone to avermectin Aj-aglycone affords 13-beta-
10do-13-deoxy-avermectin Ajaglycone which is identi-
fied by 'H NMR and mass spectrometry.

EXAMPLE §
5-O-t-butyldimethylsilyl-13-epi-22,23-dihydro-aver-
mectin By-aglycone

Silver trifluoromethanesulfonate (118 mg) was added
to a solution of 5-O-t-butyldimethylsilyl-13-beta-iodo-
13-deoxy-22,23-dihydro-avermectin B -aglycone (371
mg) and 2,6-tutidine (0.081 ml) in 4 ml of 9:1 tetrahy-
droturan:water. The mixture (white precipitate) was
stirred at room temperature for 45 minutes then diluted

with ether (5 ml) and filtered. Water (3 ml) was added

to the filtrate and the pH adjusted to ca. 3 by addition of

ZN HCL The aqueous layer was extracted with ether (3
ml) and the combined organic layers dried over
MgS0y, filtered and evaporated. The residue was chro-
matographed on two 2 mm silica gel plates eluted four
times with 33% ether in hexane to afford 144 mg of a
white foam (R,0.48) which was identified by !H NMR
and mass spectrometry as 5-O-t-butyldimethylsilyl 13-
epl-22,23-dihydro-avermectin Bj-aglycone.

EXAMPLE 9
JO-t-butyidimethylsilyl-13-epi-avermectin Bj-aglycone

Application of the procedure described above (Ex-
ample 8) for the preparation of 5-O-t-butyl-dimethylsi-
lyl-13-ep1-22,23-dihydro-avermectin B; aglycone to
3-O-t-butyldimethylsilyl 13-beta-10do-13-deoxy-aver-
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mectin Bj -aglycone affords 5-O-t-butyldimethylsilyl-
| 3-epi-avermectin Bj-aglycone which is identified by
'H NMR and mass spectrometry.

EXAMPLE 10

3.23-bi1s-O-t-butyldimethylsilyl-13-epi-avermectin
- Bar-aglycone

Silver trifluoromethanesulfonate (410 mg) was added
to a solution of 5,23-bis-O-t-butyldimethyl-silyl-13-beta-
10do-13-deoxy-avermectin Ba-aglycone (520 mg) and
2,6 lutidine (0.37 ml) in 9 ml of 9:1 tetrahydrofuran:wa-
ter. The mixture (yellow-white precipitate) was stirred
at room temperature for 45 minutes then partitioned
between ether (50 ml) and 0.1N HCI (25 ml). The layers
were separated and the organic layer was washed with
25 ml of 5% aqueous NaHCQj then dried over MgSOy.
filtered and evaporated. The residue was chromato-
graphed on four 1.5 mm silica gel plates eluted twice
with 33% ether in hexane to afford 280 mg of a white
foam (Ry0.45) which was identified by 'H NMR and
mass spectrometry as 5,23 bis-O-t butyldimethylsilyl
I3-epr-avermectin B; aglycone. Elemental analysis: cal-
culated for Cs6H7800S1;: C, 66.46; H, 9.46; Found: C,
06.25; H, 9.20.

EXAMPLE 11
13-epi-avermectin Aj-aglycone

Application of the procedure described above (Ex-
ample 8) for the preparation of 5O-t-butyldimethylsilyl-
13-ep1-22,23-dihydro-avermectin B; aglycone to 13-
beta-todo-13 deoxy-avermectin Aj-aglycone affords
13-epi-avermectin Aj-aglycone which is identified by
'H NMR and mass spectrometry.

EXAMPLE 12

I'fluoro-4'-(4"-O-t-butyldimethysilyl-oleandrosyl-
oleandorse

Diethylaminosulfur trifluoride (0.325 m1) was added
to a cold ( —20° C.) solution of 686 mg of 4'-(4'-O-t-
butyldimethylsilyl-oleandrosyl)-oleandrose (prepared
as described in Blizzard et al J. Org. Chem. 1989, 54,
1756) in 7 ml of dry dichloromethane/ The cold bath
was removed and the solution stirred at room tempera-
ture for 15 minutes then cooled to 0° C. Methanol (0.5
ml) was added and the solution was stirred at 0° C. for
two minutes. Saturated aqueous NaHCO3 (4 ml) was
added and the layers were separated. The aqueous layer
was extracted with ether (4 X4 ml) and the combined
organic layers dried over MgSOQy filtered and evapo-
rated. The residue was chromatographed on a silica gel
column eluted with 25% ether in hexane to afford 473
mg of a syrup (Ry0.23) which was identified by 1H
NMR and mass spectrometry as 1'-fluoro-4'-(4"-O-t-
butyldimethylsilyl-oleandrosyl)-oleandrose.

EXAMPLE 13

140
-phenylthio-4'-(4"-O-t-butyldimethylsilyl-olean-
drosyl)-oleandrose

Tributylphosphine (0.426 ml) was added to a solution
of 4'-(4"-O-t-butyldimethylsilyl olean-drosyl)-olean-
drose (600 mg) and phenyl disulfide (373 mg) in 5 ml of
dry benzene. The solution was stirred at room tempera-
ture for 44 hours then the solvent was evaporated and
the residue chromatographed on a silica gel column
eluted with 25% ether in hexane to afford 680 mg of a
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syrup which was identified by 'H NMR and mass spec-

trometry as 1'-phenyithio-4'-(4"-O-t-butyldimethylsilyl-
oleandrosyl)-oleandrose (mixture of 1somers at C-1’,
avermectin numbering). The anomeric mixture can be
separated by chromatogaphy on silica gel if desired.

EXAMPLE 14

1'-(2-pyridylthio)-4'-(4"'-O-t-butyldimethyisilyl-olean-
drosvl)-oleandrose

Tributylphosphine (1.08 ml) was added to a solution
of 4'-(4"-O-t-butyldimethyisilyl-olean-drosyl)-olean-
drose (1.826 g) and 2,2'-dipyridyl disulfide (956 mg) in
15 ml of dry dichloromethane. The solution was stirred
at room temperature for 23 hours then the solvent was
evaporated. The residual dark yellow oil was chromato-
graphed on a silica gel column eluted with 209 ethyl

acetate 1n hexane to afford 1.78 g of a colorless syrup (rr

0.24) which was identified by !H NMR and mass spec-
trometry as 1'-(2-pyridylthio-4'-(4"-O-t-butyidimethy]l-
silyl-oleandrosyl)-oleandrose (mixture of isomers at
C-1', avermectic numbering).

'EXAMPLE 15

I'-phenylthio-4'-(4"-acetylamino-4"”deoxy-olean-
drosyl)-oleandrose

One milliliter (1ml) of a deprotection reagent solution
consisting of a mixture of 25 g of hydrogen fluoride
pyridine complex, 10 ml of pyridine, and 27.5 ml of
tetrahydrofuran was added to a solution of 46 mg of 140
-phenylthio-4"-(4"-O-t-butyidimethylsilyloleandrosyl)-
oleandrose in 12 ml of dry tetrahydrofuran. The solu-
tion was stirred at room temperature for 67 hours then
cooled 1n an ice bath as pyridine (2 ml) was added fol-
lowed by ether (4 ml) and 5% aqueous NaHCO3 (4 ml).
The layers were separated and the aqueous layer was
extracted with ether (3 X3 ml). The combined organic
layers were dried over MgSOQy, filtered and evaporated
to a yellow oil. This crude product (1'-phenylthio-4'-
oleandrosyl-oleandrose) was dissolved in 2 ml of dry
dichloromethane and the resulting solution was added
to a cold (—78° C.) oxidizing reagent generated by
adding oxalyl chloride (0.024 ml) to a cold ( —78° C.)
solution of DMSO (0.045 ml) in 2 ml of dry dichloro-
methane and stirring the resulting solution for 20 min-
utes at —78° C. The resulting mixture was stirred at
—78° C. for | hour then triethylamine (0.125 ml) was
added and the cold bath removed. The mixture was
allowed to warm to room temperature and stirred at
room temperature for 1 hour. The mixture was diluted
with dichloromethane (3 ml) then water (5 ml) was
added and the layers were separated. The aqueous layer
was extracted with dichloromethane (3 X5 ml) and the
combined organic layers dried over MgSQy, filtered
and evaporated to a yellow oil. This crude oxidation
product (1’-phenylthio-4'-(4"-0x0-4"-deoxy-olean-
drosyl)-oleandrose) was dissolved in 2 ml of dry metha-
nol than 3A molecular sieves were added followed by
ammonium acetate (69 mg). The mixture was stirred at
room temperature for 30 minutes then sodium cyano-
borohydride (20 mg) was added in two portions (ca. 10
minutes apart). The mixture was stirred at room temper-
ature for 2 hours then centrifuged. The supernatant was
decanted and the solid residue washed with dichloro-
methane (2 X3 ml). The combined supernatants were
added to 3 ml of 5% aqueous NaHCOQO;. The layers were
separated and the aqueous layer extracted with dichlo-
romethane (2 X3 ml). The combined organic layers
were dried over MgSQy, filtered and evaporated to a
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yellow oi1l. The crude amine (1'-phenvlthio-440-(4"'-
amino-4"'-deoxy-oleandrosyl)-oleandrose) thus obtained
was dissoived in 2 ml of dry dichloromethane then
triethylamine (0.038 ml) was added. The mixture was
cooled to 0° C. then acetyl chloride (0.010 ml) was
added and the mixture stired at 0° C. for 1 hour. Water
(2 ml) was then added followed by dichloromethane (2
ml). The lavers were separated and the aqueous layer
extracted with dichloromethane (2 X3 ml). The com-
bined organic layers were dried over MgS8Qy, filtered
and evaporated to a yellow otl. The crude product was
chromatographed on a 1 mm silica gel plate eluted with
3.5% methanol in dichloromethane to afford 12 mg of a
colorless syrup (Ry0.22) which was identified by 'H
NMR and mass spectrometry as l'-phenylthio-4'-(4"'-
acetylamino-4"'-deoxy-oleandrosyl)-oleandrose.

EXAMPLE 16

1'-(2-pyridylthio)-4'-(4"-acetylamino-4""deoxy-olean-
drosyl)-oleandrose

Tetrabutylammonium fluoride (2.3 ml of a 1M solu-
tion 1n tetrahydrofuran) was added to a solution of 290
ml of ['-(2-pyridyithio)-4'-(4"-O-t-butyldimethylsilyl-
oleandrosyl)-oleandrose in 6 ml of dry tetrahydrofuran.
The solution was stirred at room temperature for 50
minutes then partitioned between ether (3 ml) and satu-
rated aqueous NaCl (3 mi). The layers were separated
and the aqueous layer was extracted with ether (3 X5
ml). The combined organic layers were dried over
MgS§Qq, filtered and evaporated to an oil. This crude
product (1'-pyridylylthio)-4'-oleandrosyl-oleandrose)
may be purified by column chromatography on silica
gel 1f desired. Application of the oxidation/reductive
amination/acetylation procedure described above (Ex-
ample 15) for the preparation of 1'-phenylthio-4'-(4"-
acetylamino-4''-deoxy-oleandrosyl)-oleandrose to 1'-(2-
pyridylylthio)-4'-oleandrosyl-oleandrose affords 1'-(2-
pyridylyithio)-4 ’-(b 4'-acetylamino-4'"-deoxy-olean-
drosyl)-oleandrose (separable mixture of isomers at
C-4'") which is identified by 'H NMR and mass spec-

trometry.

EXAMPLE 17

l'-fluoro-4'-(4"-acetylamino-4''-deoxy-oleandrosyl)-
oleandrose

Diethylaminosulfur trifluoride (0.100 ml) is added to
a cold ( —20° C.) solution of 200 mg of 1’-phenylthio-4'-
(4"'-acetylamino-oleandrosyl)-oleandrose in 4 ml of dry
dichloromethane then N-bromo-succinimide (122 mg) is
added. The mixture 1s stirred at —20° C. for 20 minutes
then 3 ml of 59% aqueous NaHCO3 is added. The layers
are separated and the aqueous layer is extracted with
dichloromethane (2 X3 ml). The combined organic
layers are dried over MgSQy, filtered and evaporated.
The residue is chromatographed on a silica gel column
to afford 1'-fluoro-4'-(4”-acetylamino-oleandrosyl)-
oleandrose (separable mixture of isomers at C-4"") which
is identified by !H NMR and mass spectrometry.

~ EXAMPLE 18
4",5,23-tr1s-O-t-butyldimethylsilyl-13-epi-avermectin
B> -

A solution of 560 mg of 1'-(2-pyridylthio)-4'-(4"'-O-t-
butyldimethylsilyl-oleandrosyl)-oleandrose in 4 ml of
dry acetonitrile was added slowly dropwise (over a
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period of 30 minutes) to a cold (0° C.), rapidly stirring,
solution of 5.23 bis-O-t-butyldimethylsilyi-13-epi-aver-
mectin B-aglycone (500 mg) and silver trifluorometh-
anesulfonate (270 mg) in 6 ml of dry acetonitrile. The
resulting mixture (gummy precipitate) was stirred vig-
orously at 0° C. for 3 hours then partitioned between
ethyl acetate (15 ml) and 5% aqueous NaHCOj; (10 ml).
The layers were separated with the aid of a centrifuge.
The aqueous laver was extracted with ethyl acetate (4
X 6 ml). The combined organic layers were dried over
MgS0,. filtered. and evaporated. The residue was
chromographed on a silica gel column eluted with 9%
acetone 1n hexane to afford 270 mg of a white foam
which was identified by 'H NMR and mass spectrome-
try as 47,5,23-tris-O-t-butyldimethylsilyl-13-epi-aver-
mectin Ba. A by-product of the reaction was also ob-
tained as a white foam (250 mg) and identified by 'H
NMR and mass spectrometry as 4",5,23-tris-O-t-butyl-
dimethylsilyl-1',13-bis-epi-avermectin By (1'-beta iso-
mer).

EXAMPLE 19

4",5,23-tris-O-t-butyldimethylsilyl-13-epi-avermectin
Bj (alternative procedure)

A solution of 265 mg of 1'-fluoro-4'-(4"-O-t-butyl-
dimethylsilyl-oleandrosyl)-oleandrose in 7 ml of dry
ether was added dropwise to a cold (0° C.) mixture of
5,23-b1s-O-t-butyldimethylsilyl-13-epi-avermectin  B;-
aglycone (260 mg), silver perchlorate (81 mg), tin (II)
chloride (74 mg), 3A molecular sieves and 7 ml of dry
ether. The resulting mixture was stirred vigorously at 0°
C. for 2 hours then diluted with ether (5 ml) and centri-
fuged. The supernatant was decanted and the residue
washed with ether (2 X5 ml). The combined superna-
tants were washed with 5% aqueous NaHCO; (7 ml)
and saturated NaCl (7 ml) then dried over MgSOQOy,
filtered. and evaporated. The residue was chromato-
graphed on four 1.5 mm silica gel plates eluted twice
with 99 acetone in hexane to afford 80 mg of a white
foam (R 0.27) which was identified by 'H NMR and
mass spectrometry as 4",5,23-tris-O-t butyldimethylsi-
lyl-13-epi-avermectin Ba.

EXAMPLE 20

5-O-t-butyldimethylsilyl-4”-acetylamino-4"'-deoxy-13-
epi-22,23-dihydro-avermectin Bj

Substitution of  1'-fluoro-4’-(4""-acetyl-amino-4"'-
deoxy-oleandrosyl)-oleandrose for 1'-fluoro-4'-(4"-O-t-
butyldimethylsilyl-oleandrosyl) -oleandrose and 50-t-
butyldimethylsilyl-13-ep1-22,23-dihydro-avermectin Bjy-
aglycone for 35,23-bis-O-t-butyldimethylsilyl-13-epi-
avermectin Bz-aglycone in the procedure of Example
19 affords 5-O-t-buytldimethylsilyl-4'-acetylamino-4"'-
deoxy-13-ep1-22,23-dihydro-avermectin B; (separable
mixture of isomers at C-4") which is identified by !H
NMR and mass spectrometry.

EXAMPLE 21

5-O-t-butyldimethylsilyl-4”-acetylamino-4"'-deoxy-13-
epi-avermectin Bj

Substitution of 1'-(2-pyridylthio)-4'-(4"-acetylamino-
4"-deoxy-oleandrosyl)-oleandrose for 1’-(2-pyridyi-thi-
0)-4'-(4"-O-t-butyidimethylsilyl-oleandrosyl)oleandrose
and 5-O-t-butyldimethylsilyl-13-epi-avermectin  B;-
aglycone for 5,23-bis-O-t-butyldimethyl-silyl-13-epi-
avermectin B-aglycone in the procedure of Example
18 affords 5-O-t-butyldimethylsilyl-4”-acetylamino-4''-
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deoxy-13-epi-avermectin By which is identified by 'H
NMR and mass spectrometry.

EXAMPLE 22
4",5-b1s-O-t-butyldimethyisilyl-13-ept-avermectin B

Substitution of 5-O-t-butyldimethylsilyl-13-epi-aver-
mectin Bj-aglycone for 5,23-bis-O-t-butyldimethyisilyl-
13-ept-avermectin Ba-aglvcone in the procedure of Ex-
ample 18 affords 4”,5-bis-O-t-butyldimethylsilyl-13-epi-
avermectn By waich is identified by 'H NMR and mass spec-
(rometry.

EXAMPLE 23
4"-O-t-butyldimethylsilyl-13-epi-avermectin A

Substitution of 13-epi-avermectin A-aglycone for
B--
aglycone in the procedure of Example 18 affords 4"'-O-
t-butyldimethylsilyl-13-epi-avermectin  A; which s
identified by 'H NMR and mass spectrometry.

EXAMPLE 24
13-ep1-avermectin Bj

A deprotection reagent solution was prepared by
cautiously adding 25 g of hydrogen fluoride pyridine
complex to a cold (0° C.) mixture of pyridine (12.5 ml)
of the resulting reagent solution was added to a cold (0°
C.) solution of 389 mg of 4",5,23-tris-O-t-butyldimethyl-
silyl-13-epi1-avermectin B; in 7 ml of dry tetrahydrofu-
ran. The resulting solution was stirred at room tempera-
ture for 112 hours then cooled in an ice bath as pyridine

(6 ml) was added followed by ethyl acetate (10 ml) and
5% aqueous NaHCOj (12 ml). The layers were sepa-
rated with the aid of a centrifuge and the aqueous layer
was extracted with ethyl acetate (3 X6 ml). The com-
bined organic layers were dried over MgSQO4 and
K,>COj3, filtered and evaporated to a light yellow oil
(287 mg). The crude product was combined with an
additional 260 mg of crude product obtained from an
identical experiment. The consolidated crude product
was chromatographed on a silica gel column eluted
with 25% acetone in hexane to afford 370 mg of a white
foam (Ry0.09) which was identified by 'H NMR and
mass spectrometry as 13-epi avermectin B>, Elemental
analysis: calculated for C43H74015: C, 64.70; H, 8.47;
found: C, 64.40;: H, 8.47.

EXAMPLE 25
4"-acetylamino-4"'-deoxy-13-epi-22,23-dihydro-aver-
mectin B |
Substitution of 50-t-butyldimethylsilyl-4"'-

acetylamino-4"'-deoxy-13-epi-22,23-dihydro-avermectin
B; for 47,4,23-tris-O-t-butyldimethylsilyl -13-epi-aver-
mectin B in the deprotection procedure of Example 24
affords 4"-acetylamino-4"'-deoxy 13-epi-22,23-dihydro-
avermectin B (separable mixture of isomers at C-4"")
which is identified by 'H NMR and mass spectrometry.

EXAMPLE 26
4”-acetylamino-4"'-deoxy-13-epi-deoxy-avermectin B

Substitution of 5-0O-t-butyldimethylsilyl-4"-
acetylamino-4"-deoxy-13-epi-avermectin By for 4",5,23-
tris-O-t-butyldimethylsilyl-13-epi-avermectin B> in the
deprotection procedure of Example 24 affords 4''-
acetylamino-4"-deoxy-13-epi-avermectin B; (separable
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mixture of isomers at C-4") which' is identified by 'H
NMR and mass spectrometry.

EXAMPLE 27

| 3-epil-avermectin Bj

Substitution of 47,5-bis-O-t-Butyldimethyvlsilyl-pb
13-epi-avermectin B for 47,5.23-tris-O-t-butvldimethyi-
silyl-13-epi-avermectin By in the deprotection proce-
dure of Example 24 aftords 13-ept-avermectin By which
1s 1dentified by 'H NMR and mass spectrometry.

EXAMPLE 28
I3-epi-avermectin A

Substitution of 4”-O-t-butyldimethylsilyl-13-epi-aver-
mectin A for 4,5,23-tris-O-t-butyldimethylsilyl-13-epi-
avermectin B> in the deprotection procedure of Exam-
ple 24 affords 13-epi-avermectin A} which 1s identified
by 'H NMR and mass spectrometry.

EXAMPLE 29
5-O-t-butyldimethylsilyl-13-epi-avermectin B

tert-Butyldimethylisilyl chloride (22 mg) 1s added to a
solution of 13-epi1-avermectin B; (100 mg) and imidazoie
(24 mg) in 1.5 ml] of dry dimethylformamide and the
solution 1s stirred at room temperature for 24 hours. The
reaction mixture 1s partitioned between ether (15 ml)
and water (15 ml). the aqueous layer 1s extracted with
ether (20 ml) and the combined organic layers are dried
with magnesium sulfate, filtered and evaporated. The
crude product is chromatographed on a 1 mm silica gel
plate eluted with 25% acetone 1n hexane to afford 5-O-t-
butyidimethylsilyl-13-epi-avermectin By which 1s identi-
fied by lH'-NMR and mass spectrometry.

EXAMPLE 30

5-O-t-butyldimethylsilyl-4"'-amino-4"'-deoxy-13-epi-
avermectin Bj

Oxalyl chloride (0.022 ml) is added to a cold (—78°
C.) solution of DMSO (0.042 ml) in 2 mi of dry dichlo-
romethane and the resulting solution is stirred for 20
minutes at — 78° C. A solution of 5-O-t-butyldimethylsi-
1lyl-13-ep1-avermectin B; (80 mg) in 2 ml of dry dichlo-
romethane is then added. The resulting mixture is
stirred at —78° C. for 1 hour then triethylamine (0.115
ml) is added and the cold bath 1s removed. The mixture
1s allowed to warm to room temperature and 1s stirred at
room temperature for 1 hour. The mixture is diluted
with dichloromethane (3 ml) then water (5 ml) 1s added
and the layers are separated. The aqueous layer 1s ex-
tracted with dichloromethane (3 X5 ml) and the com-
bined organic layers are dried over MgSQy, filtered and
evaporated. This crude oxidation product (5-O-t-butyl-
dimethylsilyl-4""-0xo-13-epi-avermectin B)) is dissolved
in 2 ml of dry methanol then 3A molecular sieves are
added followed by ammonium acetate (62 mg). The
mixture is stirred at room temperature for 30 minutes
then sodium cyanoborohydride (18 mg) is added in two
portions (ca. 10 minutes apart). The mixture 1s stirred at
room temperature for 2 hours then centrifuged. The
supernatant is decanted and the solid residue is washed

with dichloromethane (2 X 3 ml). The combined super-

natants are added to 3 ml of 5% aqueous NaHCOQO3. The
layers are separated and the aqueous layer is extracted
with dichloromethane (2 X3 ml). The combined or-
ganic layers are dried over MgSOy, filtered and evapo-
rated. The residue is chromatographed on a silica gel
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column to afford 5-O-t-butyldimeth.ylsi]3.']-4”-amino-4”-
deoxy-13-epit-avermectin B; )separable mixture of iso-
mers at C-4"") which is identified by 'H NMR and mass

specirometry.

EXAMPLE 31
4" -amino-4"'-deoxy-13-epi-avermectin B

Substitution of 5-O-t-butyldimethylsilyl-4"-amino-4"'-
deoxy-13-epi-avermectin By for 47,5,23-tr1s-O-t-butyl-
dimethylsilyl-13-epi-avermectin B> in the deprotection
procedure of Example 24 affords 4”-amino-4""-deoxy-
13-epi-avermectin Bj (separable mixture of 1somers at
C-4"") which is identified by 'H NMR and mass spec-

trometry.

EXAMPLE 32

5-O-t-butyldimethylsiiyl-4”-methylamino-4"'-deoxy- 13-
epl-avermectin B

Substitution of methylamine hydrochloride for am-
monium acetate in the reductive amination procedure of
Example 30 affords 35-O-t-butyldimethyvisilyl-4"-
methylamino-4"-deoxy-13-epi-avermectin B (separable
mixture of isomers at C-4"") which is identified by 'H

NMR and mass spectrometry.

EXAMPLE 33
"-methylamino-4"'-deoxy-13-epi-avermectin B

Substitution of 5-O-t-butyldimethylsilyl-4"-
methylamino-4"'-deoxy-13-epi1-avermectin By for
4",5,23-tris-O-t-butyldimethylsilyl-13-epi-avermectin
B> in the deprotection procedure of Example 24 aftords
4"-methylamino-4''-deoxy-13 -epi-avermectin B (sepa-
rable mixture of isomers at C-4"") which is identified by
'H NMR and mass spectrometry.

EXAMPLE 34
5-0x0-13-ep1-avermectin B>

Manganese dioxide (65 mg) 1s added to a solution of
100 mg of 13-ep1-avermectin B> in 5 ml of dry benzene.
The resulting mixture is stirred at 35° C. until complete
by analytical thin layer chromatography. The mixture is
partitioned between water (5 ml) and ether (5 ml) and
the aqueous layer extracted with ether (3 X5 ml). The
combined organic layers are dried over MgSQy, filtered
and evaporated. The crude product is chromato-
graphed on a silica gel plate to afford 5-oxo-13-epi-aver-
mectin Bz which is identified by 'H NMR and mass
spectrometry.

EXAMPLE 35
13-epi-avermectin Bphd 2-5-oxime

Hydroxylamine hydrochloride (50 mg) is added to a
solution of 5-o0xo0-13-avermectin Bj (75 mg) in 3 ml of
dry pyridine. The solution is stirred at room tempera-
ture until complete by analytical thin layer chromatog-
raphy. The mixture is partitioned between water (7 mi)
and ether (7 ml) and the aqueous layer extracted with
ether (3 X35 ml). The combined organic layers are dried
over MgSQy, filtered and evaporated. The crude prod-
uct 1s chromatographed on a silica gel plate to afford
13-epi-avermectin Ba-5-oxime which is identified by 'H
NMR and mass spectrometry.

What is claimed is:

1. A compound having the formula:
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wherein:

R4+=O0H, NH,;, NH-loweralkyl, NH-loweralkyanol:

Rs5 =0OH, oxime, OCHj:

R23 =H, OH; (provided R>3is not OH if the broken
line indicates a double bond):

R25 =loweralkyl: and

the broken line indicates a single or double bond at
the 22,23 position, provided that the broken line is
not a single bond if R4 =0H and Ry3=H.

2. The compound of claim 1 wherein R4»=0OH, NH,

NH-loweralkyl, NH-loweralkyanoyl; Rs =QOH:

R>3 =H, OH; _

Rjs5 =1sopropyl! or secbutyi: and

the broken line indicates a single or double bond.

3. The compound of claim 2 wherein

R4#=0H, NH-methyl, NH-acetyl;

- Rs =0H;

R>3 =H, OH; and

the broken line indicates a single or double bond.

4. The compound of claim 3 wherein

R4 =0H, NH-acetyl;

R>3 =H, OH: and

the broken line indicates a single or double bond.
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5. The compound of claim 1 which is 13-epi-avermec-
tn Bl.

6. The compound of claim 1 which is 13-epi-avermec-
tin B».

7. The compound of claim 1 which is [3-epi-avermec-
tin Aj.

8. The compound of claim 1 which is 4" -epi-amino-
4" -deoxy-13-epi-avermectin B-.

9. The compound of claim 1 which is 4" -epi-
methylamino-4"-deoxy-13-epi-avermectin B,.

10. The compound of claim 1 which is 4"-epi-
methylamino-4"'-deoxy-13-epi-avermectin B».

11. The compound of claim 1 which is 4'-epi-
acetylamino-4"’-deoxy-13-epi-avermectin Bj.

12. The compound of claim 1 which is 4"-epi-
acetylamino-4"-deoxy-13-epi-22,23-dihydro-avermectin
B;.

13. The compound of claim 1 which is 4'-
acetylamino-4"'-deoxy-13-avermectin B».
14. The compound of claim 1 which is 4'-

acetylamino-4"-deoxy-13-epi-avermectin B».

15. The compound of claim 1 which is 13-epi-aver-
mectin B»>-5-oxime. |

16. The compound of claim 1 which is 13-epi-aver-
mectin Bi-5-oxime. .

17. A method for the treatment and/or prevention of
parasitic infections in animals which comprises treating
such animals with an effective amount of a compound
of claim 1. .

18. A method for the treatment of pests of plants
which comprises treating said plants or the soil in which
they grow with an effective amount of a compound of
claim 1.

19. A composition useful for the treatment and/or
prevention of parasitic infections of animals which is
comprised of an inert carrier and a compound of claim
1.

20. A composition useful for the treatment of pests of
plants which 1s comprised of an inert carrier and a com-

pound of claim 1.
x x * x *
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13-EPI-AVERMECTIN DERIVATIVES USEFUL AS
ANTIPARASITIC AGENTS

BACKGROUND OF THE INVENTION

The avermectins (previously referred to as C-076
compounds) are a series of compounds produced by
fermentation of avermectin producing strains of Strepto-
myces avermitilis and derivatives thereof. The morpho-
logical characteristics of the culture are completely
described in U.S. Pat. No. 4,310,519. The production,
isolation, and structure determination of the avermec-
tins are fully described in Albers-Schonberg et al J. Am.
Chem. Soc. 1981, 103, 42164221 and references cited
therein. The conversion of natural avermectin B to
22,23-dihydro-avermectin By, the potent broad spec-
trum anthelminthic agent known as ivermectin, has also
been described in the literature (Chabala et al J. Med.
Chem. 1980, 23, 1134-1136). The naturally occurring
avermectins and the instant derivatives thereof have a
very high degree of anthelminthic and anti-parasitic
activity.

The naturally occurring avermectins are a series of
macrocyclic lactones which are substituted at position
13 with a disaccharide consisting of two oleandrose
residues. The preparation and properties of synthetic
avermectin aglycones in which the disaccharide moiety
has been removed leaving a free hydroxyl group at
position 13 have been described by Mrozik et al J. Org.

Chem. 1982, 47, 489-492 and by Chabala et al J. Med
Chem. 1980, 23, 1134-1136. The natural compounds

have the following general structure:

OCH;
HO

OCH;
H.,C

CH,;
H;C

HiC

wherein the broken line indicates a single or double
bond and;
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Compound broken hine Ri R) R
Aig double bond —_ sec-butyl —QOCH;
Aip double bond — 150-propyvi —QOCH;
Al single bond —OH sec-butyl —OCH
A single bond —OH Is0-propyl —OCH;
B, double bond —_ sec-butyl —0OH
Bis double bond — 150-propyl —OH
By, single bond —OH sec-butyl —QOH
Biys single bond —QOH 150-propyl —OH

The avermectins are generally isolated as mixtures of
the a and b components (typically =80% a and =20%
b). Such compounds differ only in the nature of the R;
substituent and this minor structural difference has been
found to have very little effect on the chemical reactiv-
ity or biological activity of the compounds. Thus al-
though the a and b components can be separated from
each other by chromatography this is not necessary and
hence is not normally done. The presence of a mixture
of a and b components is indicated by dropping the a or
b from the designation of the compound. A mixture of
avermectin B, and avermectin Bisis thus referred to as
avermectin Bj.

A related family of natural products is known as the
milbemycins. The milbemycins have the same basic
structure as the avermectins but have no substitution at
position 13 and have a methyl or ethyl group at position
25 (R2=methyl or ethyl rather than isopropyl or sec-
butyl as in the avermectins). The milbemycins and the
fermentation conditions used to prepare them are de-
scribed in U.S. Pat. No. 3,950,360. Closely related 13-
deoxy-avermectin aglycones are prepared by chemical

modification of the natural avermectins and have been
described in U.S. Pat. Nos. 4,171,134 and 4,173,571.
Recently a number of related compounds have been

R; is hydroxy and is present only when said broken 60 described in European Patent Application EPO 170,006

line indicates a single bond,;

R is iso-propyl or sec-butyl; and

R3 is methoxy or hydroxy.

There are eight major natural avermectin com-
pounds, designated A1g, A1y, A2a, A2s, Bia, Bis, B>,and
B»s. These designations are based on the structure of the
individual compounds as shown in the following table
(referring to the foregoing structural formula).

65

and U.K. application 2,166,436 (see also Carter et al, J.

Antibiotics 1988, 41, 519-529). These compounds are .

essentially 13-deoxy-avermectin aglycones in which the
R, side chain contains a double bond and, in some cases,
includes additional carbon atoms. Finally, a recent Eu-
ropean Patent Application, EPO 235085, describes the
conversion of various milbemycins to the 13-beta-

glycosyloxy analogs.
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= Jloweralkanoys;
SUMMARY OF THE INVENTION E“;: OH, NH;, NH-Joweralkanoyl

This invention is concerned with certain avermectin
derivatives in which the stereochemistry at position 13
is the opposite of the natural stereochemisiry and the
use of these derivatives as antiparasitic agents. Thus it is
an object of this invention to describe these avermectin
derivatives. A further object of this invention 1s to de-
scribe processes for the preparation of these com-
pounds. A still further object is to describe the use of the
instant compounds as antiparasitic agents in the treat-
ment and prevention of parasitic diseases. A still further
object is to describe compositions for the treatment of
parasitic diseases which contain the novel compounds
of this invention as the active ingredient thereof. Fur-
ther objects will become apparent from a reading of the

following description.

DESCRIPTION OF THE INVENTION

The compounds of the instant invention are best real-
ized in the following structure:

OCH

wherein the broken line indicates a single or double
bond at the 22,23 position;

R4 =0OH, NH;, NH-loweralkyl, NH-loweralkanoyl;

Rs=0H, oxime, OCH3;

R,3=H, OH, provided R;3 is not OH if the broken
line indicates a double bond; and

Rjys5=loweralkyl.

In the instant invention “loweralkyl” i1s intended to
include those alkyl groups of from 1 to 7 carbon atoms
in either a straight or branched chain. Examples of such
loweralkyl groups are methyl, ethyl, propyl, isopropyi,
butyl, sec-butyl, pentyl, hexyl, heptyl, and the like.

The term “loweralkanoyl” is intended to include
those alkanoyl groups of from 1 to 7 carbon atoms in
either a straight or branched chain. Examples of such
loweralkanoy]l groups are formyl, acetyl, propionyl,
isopropionyl, butyryl, sec-butyryl, pentanoyl, hexanoyl,
heptanoyl, and the like.

Preferred compounds of this invention are reahzed
when:

Rai-=OH, NH;, NH-loweralkyl, NH-loweralkanoyl;

Rs=0H, oxime, OCH3;

R;3=H, OH;

R>s=1oweralkyl; and

the broken line indicates a single or double bond (pro-
vided that the broken line does not indicate a single
bond if R4+=O0OH and Rj;i3=H).

More preferred compounds of this invention are real-
ized when:
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R23=H, OH;

R2s=isopropyl or sec-butyl;

and the broken line indicates a single or double bond.
Still more preferred compounds of this invention are

realized when:

R4=OH, NH-loweralkanoyl;

R;3=H, OH; and

the broken line indicates a single or double bond.
The most preferred compounds of this invention are

realized when:

R4-=0H, NH-acetyl,

R>3=H, OH,

and the broken line indicates a single or double bond.
Examples of the preferred compounds of this inven-

tion are as follows:

13-epi- avermectin By

13-epi-avermectin B;

13-epi-avermectin A

13-epi-avermectin A;

4" -deoxy-4"-amino-13-epi-avermectin B;

4"-epi-amino-4"deoxy-13-epi-avermectin B

4"-amino-4"'deoxy-13-epi-22,23-dihydro-avermectin B,

4''-epi-amino-4''-deoxy-13-epi-22,23-dihydro-avermec-
tin B

4"-amino-4''-deoxy-13-epi-avermectin B:

4''-epi-amino-4"'deoxy-13-epi-avermectin B;

4"-methylamino-4"'deoxy-13-epi-avermectin Bj

4''-epi-methylamino-4"'deoxy-13-epi-avermectin Bj

4"'-methylamino-4"'deoxy-13-epi-22,23-dihydro-aver-
mectin By

4'-epi-methylamino-4"‘deoxy-13-epi-22,23-dihydro-
avermectin B,

4”-methylamino-4"'deoxy-13-epi-avermectin B;

4"'-epi-methylamino-4"deoxy-13-epi-avermectin B)

4'-acetylamino-4''deoxy-13-epi-avermectin B\

4"'-epi-acetylamino-4"'deoxy-13-epi-avermectin B,

4"-acetylamino-4"'deoxy-13-epi-22,23-dihydro-aver-
mectin B

4" -epi-acetylamino-4"deoxy-13-epi-22,23-dihydro-aver-
mectin B;

4" -acetylamino-4’'deoxy-13-epi-avermectin B>

4''-acetylamino-4”deoxy-13-epi-avermectin B>

13-epi-avermectin Bj-5-oxime

13-epi-avermectin B;-3-oxime

PREPARATION OF STARTING MATERIALS

The starting materials for this invention are disclosed
in Albers-Schonberg et al. J. Am. Chem. Soc. 1981, 103,
42164221 and references cited therein (naturally oc-
curring avermectins), Chabala et al J. Med. Chem. 1980,
23, 1134-1136 (22,23-dihydro-avermectin B (ivermec-
tin), and 22,23-dihydro-avermectin Bj-aglycone), Mro-
zik et al J. Org. Chem. 1982, 47, 489-492 (avermectin
aglycones), Mrozik et al J. Med Chem. 1989, 32,
375-381 (13-epi-avermectin aglycones), Linn et al U.S.
Pat. No. 4,587,247, and Blizzard et al J. Org. Chem.
1989, 54, 1756 (avermectin disaccharide).

The novel compounds of this invention are prepared
by the following procedures:

The instant compounds are prepared by attaching a
disaccharide unit to a 13-epi-avermectin aglycone. At-
tachment of the disaccharide may be effected by a varni-
ety of glycosylation procedures such as reaction of the
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aglycone with a glycosy! fluoride or other halide in the
presence of one or more salts of various metals such as
silver, tin, mercury, copper and the like. An alternative
procedure involves reaction of the aglycone with a
glycosyl phenylsulfide or a glycosyl pyridylsulfide or a
glycosyl phenylsulfoxide in the presence of an activat-
ing electrophile such as N-bromosuccinimide, N-
todosuccinimide, trifluoromethane-sulfonic anhydride
and the like or metal salts such as silver trifluorometh-
anesulfonate, silver perchlorate, mercuric nitrate, tin
chloride, and the like or a combination of an activating
electrophile and a metal salt. Another alternative is
reaction of the 13-epi-aglycone with a disaccharide
glycal (vinyl ether) and an electrophilic activating
agent such as N-iodosuccinimide or an acid such as
toluenesulfonic acid, pyridinium toluenesulfonate, and
the hke may be used.

The process is illustrated in the following reaction

scheme:

6

toluene, and the like with a dipyridyl disulfide such as
2,2'-dipyridyl disulfide and the like and a tri-aryl or
tri-alkyl phosphine such as tributylphosphine or tri-
phenylphosphine, and the like at temperatures ranging
from 0° C. to 35° C. for one hour to 48 hours. The
reaction s worked up and the glycosyl pyndylsulfide
isolated and purified using standard techniques known
to those skilled in the art. Reaction of the disaccharide
with 2,2'-dipyridyl disulfide and tributyiphosphine in

10 dichloromethane at room temperature is preferred. The

i)

glycosylation reaction is carried out by adding a solu-
tion of the glycosyl pyndylsulfide in a non-nucleophilic
solvent such as acetonitrile, ether, tetrahydrofuran
(THEF), chloroform, acetone, and the like to a reaction
mixture consisting of a solution of the 13-ep1-aglycone
in the same solvent and one or more metal salts such as
stlver trifluoromethane-sulfonate, silver perchlorate, tin
chloride, tin sulfate, mercuric chloride, copper sulfate,
copper bromide, and the like with or without added

R23
OCH; CH; CH;
o O
R4 4 HO T S
OCH, n O Ras
O
.. 0%
O
CHj
R s
OCH;
R4"
v OCHj
H1C O O R23
CHj; CH;
H:C O O SN O
13
0 R s
H,C I
O O
| on
O
CH;
Rs

where R is halogen, pyridylthio, phenylthio, phenylsul-
foxy, or phenylsulfonyl and Rs, R23, R3s5and Ry~ are as
defined above (except that free secondary hydroxyl
groups are protected as described below).

Reaction of the aglycone with a glycosyl pyridylsul-
fide or a glycosyl fluoride 15 preferred. The glycosyl
pyridylsulfide 1s prepared by treating a solution of the
disaccharide (free anomeric OH) in a non-nucleophilic
solvent such as dichloromethane, chloroform, benzene,

63

molecular sieves at temperatures ranging from —20° C.
to room temperature for 15 minutes to 48 hours. The
reaction 1s worked up and the product isolated and
purtfied using standard techniques known to those
skilled in the art. Reaction of the aglycone and the
glycosyl pynidylsulfide in acetonitrile in the presence of
silver trifluoromethanesulfonate is preferred. The gly-
cosyl fluoride 1s prepared by treating a solution of the
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disaccharide (free anomeric OH) in a non-nucleophilic
solvent such as dichloromethane, chloroform, and the
like with a strong fluorinating agent such as die-
thylaminosulfur trifluoride (DAST), dimethylaminosul-
fur trifluoride (methyl DAST), and the like at tempera-
tures ranging from —40° C. to room temperature for 5
minutes to one hour. The reaction is worked up and the
glycosyl fluoride isolated and purified using standard
techniques known to those skilled in the art. Alterna-
tively, the glycosyl fluoride may be prepared by treat-
ing a glycosyl phenylsulfide (prepared by reaction of
the disaccharide with phenyl disulfide and tributyl- or
triphenyl-phosphine in an inert solvent such as benzene
or dichloromethane at room temperature for 1 to 24
hours) with DAST and an electrophilic activating agent
such as N-bromosuccinimide, N-iodosuccinimide, and
the like in a non nucleophilic solvent such as dichloro-
methane, chloroform, and the like at temperatures rang-
ing from —40° C. to room temperature for 5 minutes to
one hour. The reaction is worked up and the glycosy]
fluoride isolated and purified using standard techniques
known to those skilled in the art. Reaction of the disac-
charide with DAST in dichloromethane at room tem-
perature is preferred. The glycosylation reaction 1s car-
ried out by adding a solution of the glycosyl fluoride 1n
a non nucleophilic solvent such as ether, tetrahydrofu-
ran (THF), chloroform, acetone, and the like to a reac-
tion mixture consisting of a solution of the aglycone in
the same solvent and one or more metal salts such as
silver perchlorate, silver trifluoro-methanesulfonate, tin
chloride, tin sulfate, mercuric chloride. copper sulfate
and the like with or without added molecular sieves at
temperatures ranging from —20° C. to room tempera-
ture for 15 minutes to 48 hours. The reaction is worked
up and the product isolated and purified using standard
techniques known to those skilled in the art. Reaction of
the aglycone and the glycosyl fluoride in ether in the
presence of silver perchlorate, tin (II) chloride, and 3A
molecular sieves is preferred.

The requisite 13-epi-avermectin aglycones may be
prepared by inversion of the stereochemistry at position
13 of the corresponding avermectin aglycone (for ex-
ample, 13-epi-avermectin B; aglycone is prepared by
inversion of position 13 of avermectin B2 aglycone).
Preparation of the avermectin aglycones is fully de-
scribed in the literature references cited above. The
inversion may be accomplished by a number of proce-
dures including nucleophilic displacement of a leaving
group, such as a tosylate, mesylate, o-nitrobenzene sul-
fonate, and the like (prepared by reaction of the agly-
cone with the corresponding sulfonyl chloride using
standard techniques known to those skilled in the art), at
position 13 by an oxygen nucleophile such as a nitrate,
a carbonate, a carboxylate, superoxide, and the like in a
non-nucleophilic solvent such as ether, tetrahydrofuran,
dimethylformamide, benzene, and the like at tempera-
tures ranging from room temperature to the reflux tem-
perature of the solvent for 1 to 24 hours or, alterna-
tively, by displacement of the aforementioned leaving
group by a halide nucleophile, such as iodide, bromide,
and the like in a non-nucleophilic solvent such as ether,
tetrahydrofuron, dimethylformamide, benzene, and the
like at temperatures ranging from room temperature to
the reflux temperature of the solvent for 1 to 48 hours.
The resulting halide (now with the 13-epi stereochemis-
try) may serve as a leaving group in a subsequent solvol-
ysis reaction with water, which may be effected by
treating a solution of the halide in a solvent such as
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tetrahydrofuran, ether, benzene and the like with water
with or without added silver salts such as silver trifluo-
romethanesulfonate, silver tetrafluoroborate, silver ni-
trate, and the like at temperatures ranging from 0° C. to
the reflux temperature of the solvent for 15 minutes to
24 hours. Alternatively, the 13-epi-aglycone may be
prepared by reduction of a 13-ketone derivative (pre-
pared by oxidation of the aglycone with a DMSO based
reagent such as DMSQO/oxalyl chloride or a chromium
based reagent such as pyridinium chlorochromate using
procedures well known to those skilled in the art) with
an appropriate reducing agent such as sodium borohy-
dride, diborane, lithium tri-t-butoxyaluminum hydride
and the like in a solvent such as methanol, ethanol, ether
and the like at temperatures ranging from 0° C. to room
temperature for 15 minutes to 24 hours. Conversion of
the aglycone to the 13-epi-aglycone by reaction of the
13-tosylate with potassium iodide in dimethylformam-
ide and subsequent solvolysis of the resulting 13-epi-
iodide by reaction with water in tetrahydrofuran with
added silver trifluoromethanesulfonate or stlver tetra-
fluoroborate is preferred. The reaction is worked up
and the 13-epi-aglycone isolated and purified using stan-
dard procedures known to those skilled in the art.

During the preparation of the 13-epi-aglycone (by
inversion of the stereochemistry of position 13) and
during the attachment of the disaccharide to the 13-ept-
aglycone it is necessary to protect other secondary
hydroxyl groups in the molecule (note that it 1s not
necessary to protect the tertiary hydroxyl present at
position 7) with a protecting group which may be re-
moved after the reaction is accomplished. Suitable pro-
tecting groups include tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, phenoxyacetyl, acetyl, and the like.
The tert-butyldimethylsilyl group is preferred and is
introduced by treating a solution of the alcohol in di-
methylformamide (DMF) with an excess of imidazole
and a silylating reagent such as tert-butyldimethylsilyl-
chloride, tert-butyldimethylsilyltrifluoromethanesul-
fonate, and the like at temperatures ranging from 25° C.
to 50° C. for 4 to 48 hours. The reaction is then worked
up and the product isolated and purified using standard
techniques known to those skilled in the art. The pro-
tecting group may be removed by treatment with a
solution of hydrogen fluoride in a pyridine/tetrahy-
drofuran solvent mixture. Alternatively, the protecting
group may be removed by treatment with a solution of
p-toluenesulfonic acid (0.5-2%) in methanol at 0° C. to
25° C. for 0.5 to 8 hours. Deprotection with hydrogen
fluoride in pyridine/tetrahydrofuran is preferred. In
both cases reaction workup and product isolation and
purification are by standard techniques well known to
those skilled in the art.

An amino substituent may be tntroduced at position
4" by reductive amination of a 4""-ketone which 1s In
turn prepared by oxidation of the 4"-hydroxyl group
present in the avermectins. The amino substituent may
be introduced (and acylated if desired) either before or
after coupling of the disaccharide to the aglycone (in-
troduction before coupling is preferred). During the
oxidation of the hydroxyl group at C-4" it is necessary
to protect other secondary hydroxyl groups in the mol-
ecule (note that it is not necessary to protect the tertiary
hydroxyl present at position 7) as described above. If
the oxidation is performed on the disaccharide before
coupling to the aglycone the anomeric hydroxyl may be
protected by conversion of the disaccharide to the gly-
cosyl phenylsulfide (which can be later converted to the
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glycosyl fluoride for glycosylation) as described above.
With other secondary hydroxy! groups protected the
hydroxyl group at position 4” can be oxidized by a
variety of methods to afford the ketone derivatives
necessary for conversion to amino and acylamino ana-
logs. The oxidation of this hydroxyl group can be ef-
fected by using a variety of oxidation procedures, in-
cluding oxidation with dimethylsulfoxide (DMSO)
based systems commonly known to those skilled in the
art as Swern (or Moffat) oxidations (DMSO-oxalyl-
chloride, DMSOQO-acetic anhydride, DMSO-trifluoroa-
cetic anhydride and the like) as well as oxidations with
chromium based reagents (pyridinium chlorochromate,
pyridinium dichromate, and the like), or other methods
known to those skilled in the art. The DMSQO based
oxidations are preferred. The oxidation reagent is gen-
erated by treating a solution of DMSO in a non-nucleo-
philic solvent such as dichloromethane, chlorform,
ether (preferred), tetrahydrofuran and the like with an
electrophilic activating agent such as oxalyl chloride
(preferred), dicyclohexyl carbodiimide (DCC), phos-
gene, and the like at temperatures ranging from —90° C.
to —55° C. and stirring the mixture thus formed at this
temperature for 10 to 90 minutes. To the oxidizing rea-
gent thus generated 1s added, at the same temperature, a
solution of the alcohol in the solvent used to generate
the reagent. The solution is stirred at temperatures rang-
ing form —90° C. to —55° C. for 10 to 90 minutes then
a hindered base such as triethylamine, diisopropyle-
thylamine, and the like 1s added. The temperature is
raised to 0° C. to 30° C. and the mixture stirred at this
temperature for 10 to 90 minutes. The reaction is then
worked up and the product isolated and purified using
standard techniques known to those skilled in the art.
The 4"-ketone functionality thus generated may be
used to introduce amino substituents at position 4" via a
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reductive amination reaction. The reductive amination -

affords an avermectin mixture consisting of both possi-
ble stereocisomers at position 4" (4”-alpha-amino and
4""-beta amino) which is referred to herein as 4"’-amino-
avermectin. The reductive amination is accomplished
by treating a solution of the ketone in an alcoholic sol-
vent such as methanol, ethanol, and the like with an
ammontum salt such as ammonium acetate (preferred),
ammonium formate, ammonium benzoate and the like at
temperatures ranging from —25° C. to 25° C. for 15 to
60 minutes then adding sodium cyanoborohydride to
the resulting mixture and stirring at temperatures rang-
ing from 0° C. to 30° C. for 30 to 90 minutes. The reac-
tion 1s then worked up and the product isolated and
purified using standard techniques known to those
skilled in the art. The reaction may be modified by
substituting an alkylammonium salt in the place of am-
monium acetate in the above procedure to prepare aver-
mectin  derivatives substituted with an alkylamino
group at the 4 position.

The amino (or alkylamino) substituted derivatives
prepared as described above may be acylated to provide
acylamino analogs. The acylation is accomplished by
treating a solution of the 4”-amino or 4"-alkylamino
analog in a halogenated solvent such as dichlorometh-
ane, chloroform or the like with one molar equivalent of
an acylating agent such as an alkanoyl chloride (pre-
ferred), alkanoyl bromide, alkanoic acid in combination
with dicyclohexylcarbodiimide, and the like in the pres-
ence of a base such as triethylamine, pyridine and the
like with or without the addition of a nucleophilic cata-
lyst such as dimethylaminopyridine at temperatures
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ranging from —10° C. to 35° C. for 15 minutes to 24
hours. The reaction is then worked up and the product
isolated and purified using standard techniques known
to those skilled in the art. Note that it is not necessary to
protect secondary alcohols in the molecule during the
acylation reaction as the amino functionality is suffi-
ciently more reactive that acylation occurs selectively
at nitrogen.

Oximes may be generated at position 5 via the 3-
ketone. This ketone is prepared by oxidation of a com-
pound with a 5-hydroxyl group using one of the oxida-
tion methods described above. Oxidation with manga-
nese dioxide is preferred. The oxidation is carried out by
treating a solution of the alcohol in a non-hydroxylic
solvent such as benzene, dichloromethane, chloroform,
tetrahydrofuran, and the like with an excess of manga-
nese dioxide at temperatures ranging from 25° C. to the
reflux temperature of the solvent for 4 to 48 hours. The
reaction 18 worked up and the product isolated and
purified using standard techniques known to those
skilled in the art. The ketone thus generated may be
used to prepare oximes or alkoximes by a number of
procedures. Generally, an excess of hydroxylamine
hydrochloride or the appropriate alkoyxlamine hydro-
chloride (methoxylamine hydrochloride for a methox-
ime, etc.) 1s added to a solution of the ketone in pyridine
and the solution stirred at temperatures ranging from O°
C. to 50° C. for 3-36 hours. Alternatively the amine
hydrochlonide is added to a solutton of the ketone in a
neutral solvent such as benzene, tetrahydrofuran, diox-
ane, dichloromethane, ethanol, and the like followed by
a molar equivalent of a base such as sodium acetate,
sodium hydroxide, triethylamine, and the like. The re-
sulting mixture 1s stirred at temperatures ranging from
0° C. to 50° C. for 3-36 hours. In either case the reaction
1s worked up and the product isolated and purified using
standard techniques known to those skilled in the art.

The instant compounds of this invention are unex-
pectedly potent antiparastic agents against endo and
ecto parasites, particularly helminths and arthropods,
which cause numerous parasitic diseases in humans,
animals, and plants. In addition, the instant compounds
are unexpectedly less toxic to mammals than are the
corresponding compounds with the natural stereochem-
istry at position 13.

Parasitic diseases may be caused by either endopara-
sites or ectoparasites. Endoparasites are those parasites
which live inside the body of the host, either within an
organ (such as the stomach, lungs, heart, intestines, etc.)
or simply under the skin. Ectoparasites are those para-
sites which live on the outer surface of the host but still
draw nutrients from the host.

The endoparasitic diseases generally referred to as
helminthiasis are due to infection of the host with para-
sitic worms known as helminths. Helminthiasis is a
prevalent and serious worldwide economic problem
due to infection of domesticated animals such as swine,
sheep, horses, cattle, goats, dogs, cats, and poultry.
Many of these infections are caused by the group of
worms described as nematodes which cause diseases in
various species of animals throughout the world. These
diseases are frequently serious and can result in the
death of the infected animal. The most common genera
of nematodes infecting the animals referred to above are
Haemonchus, Trichostrongylus, Ostertagia, Nematodi-
rus, Cooperia, Ascaris, Bunostomum, Oestophagos-
tomum, Chabertia, Trichuris, Strongylus, Trichonema,
Dictyocaulus, Capillaria, Heterakis, Toxocara, Ascari-
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dia, Oxyuris, Ancylostoma, Uncinaria, Toxascaris, and
Parascaris. Many parasites are species specific (infect
only one host) and most also have a preferred site of
infection within the animal. Thus Haemonchus and
Ostertagia primarily infect the stomach while Nemato-
dirus and Cooperia mostly attack the intestines. Other
parasites prefer to reside in the heart, eyes, lungs, blood
vessels, and the like while still others are subcutaneous
parasites. Helminthiasis can lead to weakness, weight
loss, anemia, intestinal damage, malnutrition, and dam-
age to other organs. If left untreated these diseases can
result in the death of the animal.

Infections by ectoparasitic arthropods such as ticks,
mites, lice, stable flies, hornflies, blowflies, fleas, and the
like are also a serious problem. Infection by these para-
sites results in loss of blood, skin lesions, and can inter-
fere with normal eating habits thus causing weight loss.
These infections can also result in transmission of seri-
ous diseases such as encephalitis, anaplasmosis, swine
pox, and the like which can be fatal.

Animals may be infected by several species of para-
sites at the same time since infection by one parasite
may weaken the animal and make it more susceptible to
infection by a second species of parasite. Thus a com-
pound with a broad spectrum of activity is particularly
advantageous in the treatment of these diseases. The
compounds of this invention have unexpectedly high
activity against these parasites, and in addition are also
active against Dirofilaria in dogs, Nematospiroides and
Syphacia in rodents, biting insects, and migrating diper-
ous larvae such as Hypoderma sp. in cattle, and Gas-
trophilus 1n horses.

The instant compounds are also useful against endo
and ecto parasites which cause parasitic diseases in
humans. Examples of such endoparasites which infect
man include gastro-intestinal parasites of the genera,
Ancylostoma, Necator, Ascaris, Strongyloides, Trichi-
nella, Capillaria, Trichuris, Enterobius, and the like.
Other endoparasites which infect man are found in the
blood or in other organs. Examples of such parasites are
the filarial worms Wucheria, Brugia, Onchocerca, and
the like as well as extra-intestinal stages of the intestinal
worms Strongylides and Trichinella. Ectoparasites
which parasitize man include arthropods such as ticks,
fleas, mites, lice, and the like and, as with domestic
animals, infections by these parasites can result in trans-
mission of serious and even fatal diseases. The instant
compounds are active against these endo and ecto para-
sites and in addition are also active against biting insects
and other dipterous pests which annoy humans.

The instant compounds are also useful against com-
mon housechold pests such as Blatella sp. (cockroach),
Tineola sp. (clothes moth), Attagenus sp. (carpet bee-
tle), Musca domestica (housefly) and against Solenopsis
invicta (imported fire ant).

The compounds are furthermore useful against agri-
cultural pests such as aphids (Acyrthiosiphon sp.), lo-
custs, and boll weevils as well as against insect pests
which attack stored grains such as Tribolium sp. and
against immature stages of insects living on plant tissue.
The compounds are also useful as a nematodicide for
the control of soil nematodes which may be agricultur-
ally important.

For use as an antiparasitic agent in animals the instant
compounds may be administered internally either orally
or by injection, or topically as a liquid drench or as a

shampoo.
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For oral administration, the compounds may be ad-
ministered in capsule, tablet, or bolus form or alterna-
tively they can be mixed in the animals feed. The cap-
sules, tablets, and boluses are comprised of the active
ingredient in combination with an appropriate carrier
vehicle such as starch, talc, magnesium stearate, or
di-calcium phosphate. These unit dosage forms are pre-
pared by intimately mixing the active ingredient with
suitable finely powdered inert ingredients including
diluents, fillers, disintegrating agents, and/or binders
such that a uniform mixture is obtained. An inert ingre-
dient ts one that will not react with the instant com-
pounds and which 1s non-toxic to the animal being
treated. Suitable inert ingredients include starch, lac-
tose, talc, magnesium stearate, vegetable gums and oils,
and the like. These formulations may contain a widely
variable amount of the active and inactive ingredients
depending on numerous factors such as the size and
type of the animal species to be treated and the type and
severity of the infection. The active ingredient may also
be administered as an additive to the feed by simply
mixing the compound with the feedstuff or by applying
the compound to the surface of the feed. Alternatively
the active ingredient may be mixed with an inert carrier
and the resulting composition may then either be mixed
with the feed or fed directly to the animal. Suitable inert
carriers include corn meal, citrus meal, fermentation
residues, soya grits, dried grains and the like. The active
ingredients are intimately mixed with these inert carri-
ers by grinding, stirring, milling, or tumbling such that
the final composition contains from 0.001 to 5% by
weight of the active ingredient.

The compounds may alternatively be administered
parenterally via injection of a formulation consisting of
the active ingredient dissolved in an inert liquid carrier.
Injection may be either intramuscular, intraruminal,
intratracheal, or subcutaneous. The injectable formula-
tion consists of the active ingredient mixed with an
appropriate inert liquid carrier. Acceptable liquid carri-
ers include the vegetable oils such as peanut oil, cotton
seed oil, sesame otl and the like as well as organic sol-
vents such as solketal, glycero! formal and the like. As
an alternative, aqueous parenteral formulations may
also be used. The vegetable oils are the preferred liquid
carriers. The formulations are prepared by dissolving or
suspending the active ingredient in the liquid carrier
such that the final formulation contains from 0.005 to
10% by weight of the active ingredient.

Topical application of the instant compounds is possi-
bie through the use of a liquid drench or a shampoo
containing the instant compounds as an aqueous solu-
tion or suspension. These formulations generally con-
tain a suspending agent such as bentonite and normally
will also contain an antifoaming agent. Formulations
containing from 0.005 to 10% by weight of the active
ingredient are acceptable. Preferred formulations are
those containing from 0.01 to 5% by weight of the
instant compounds.

The instant compounds are primarily useful as anti-
parasitic agents for the treatment and/or prevention of
helminthiasis in domestic animals such as cattle, sheep,
horses, dogs, cats, goats, swine, and poultry. They are
also useful in the prevention and treatment of parasitic
infections of these animals by ectoparasites such as
ticks, mites, lice, fleas and the like. They are also effec-
tive in the treatment of parasitic infections of humans.
In treating such infections the compounds of this inven-
tion may be used individually or in combination with
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cach other or with other unrelated antiparasitic agents.
The dosage of the instant compounds required for best
results depends on several factors such as the species
and size of the animal, the type and severity of the
infection, the method of administration and the com-
pound used. Oral administration of the instant com-
pounds at a dose level of from 0.0005 to 10 mg per kg of
animal body weight, either in a single dose or in several
doses spaced a few days apart, generally gives good
results. A single dose of one of the instant compounds
normally gives excellent control however repeat doses
may be given to combat re-infection or for parasite
species which are unusually persistent. The techniques
for administering these compounds to animals are
known to those skilled in the veterinary field.

The compound of this invention may also be used to
combat agricultural pests which attack crops either in
the field or in storage. The compounds are applied for
such uses as sprays, dusts, emulsions and the like either
to the growing plants or the harvested crops. The tech-
niques for applying these compounds in this manner are
known to those skilled in the agricultural arts.

The following examples are provided in order that
this invention might be more fully understood: they are
not to be construed as limitative of the invention. The
avermectin derivatives prepared in the following exam-
ples are generally isolated as amorphous solids rather
than crystalline solids. They are characterized analyti-
cally using techniques such as nuclear magnetic reso-
nance, mass spectrometry, elemental analysis, and the
like. Being amorphous the compounds are not charac-
terized by sharp melting points but the chromato-
graphic and analytical methods employed indicate that

they are pure.

EXAMPLE 1|

3-O-t-butyldimethylsilyl-22,23-dihydro-avermectin B;
aglycone

tert-Butyldimethylsilyl chloride (851 mg) was added
to a solution of 22,23-dihydro-avermectin B| aglycone
(3.0 g, prepared as described in Chabala et al, J Med
Chem. 1980, 23, 1134) and imidazole (873 mg) 1in 10 ml
of dry dimethylformamide and the solution stirred at
room temperature for 22 hours. The reaction mixture
was partitioned bétween ether (50 ml) and water (100
ml). The aqueous layer was extracted with ether (2 X 20
ml) and the combined organic layers dried with magne-
sium sulfate, filtered and evaporated. The crude prod-
uct was purified on a silica gel column eluted with
12.5% acetone in hexane to afford 1.97 g of a white
foam which was identified by 'H NMR and mass spec-
trometry as 35-O-t-butyldimethylsilyl-22,23-dihydro-
avermectin B aglycone. Elemental analysis: calculated
for C40H405Si: C, 68.53; H, 9.20; Found: C, 68.40; H,
9.47.

EXAMPLE 2
3-O-t-butyldimethylsilyl-avermectin Bj-aglycone

tert-Butyldimethylsily]l chloride (35 mg) was added
to a solution of avermectin B aglycone (124 mg, pre-
pared as described in Mrozik et al, J. Org. Chem. 1982,
47, 489) and imidazole (36 mg) in 2.5 ml of dry dimeth-
ylformamide and the solution stirred at room tempera-
ture for 24 hours. The reaction mixture was partitioned
between ether (25 ml) and water (25 ml). The aqueous
layer was extracted with ether (20 ml) and the com-
bined organic layers dried with magnesium sulfate,
filtered and evaporated. The crude product was puri-
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fied by preparative layer chromatography on a 2.0 mm
stlica gel plate eluted with 25% acetone in hexane to
afford 82 mg of a white foam which was identified by
'H NMR and mass spectrometry as 5-O-t-butyldime-
thylsilyl-avermectin B, aglycone.

EXAMPLE 3
5,23-bis-O-t-butyldimethylsilyl-avermectin Br-aglycone

tert-Butyldimethylsilyl chloride (1.15 g) is added to a
solution of avermectin B; aglycone (2.0 g), prepared as
described in prepared as described in Mrozik et al, J.
Org. Chem. 1982, 47, 489) and imidazole (1.30 g)in 10
ml of dry dimethylformamide and the solution is stirred
at room temperature for 22 hours. The reaction mixture
1s then partitioned between ether (50 ml) and water (100
ml). The aqueous layer is extracted with ether (2 x 20
ml) and the combined organic layers dried with magne-
sium sulfate, filtered and evaporated. The crude prod-
uct 1s purified on a silica gel column eluted with 12.5%
acetone in hexane to afford 5,23-bis-O-t-butyldimethyl-
stlyl-avermectin Bj-aglycone which is identified by 'H
NMR and mass spectrometry. Elemental analysis: cal-
culated for C4H7309Si5: C, 66.46; H, 9.46; Found: C,
66.51; H, 9.80.

EXAMPLE 4

3-O-t-butyldimethylsilyl-13-beta-iodo-13-deoxy-22,23-
dithydro-avermectin Bj-aglycone

A solution of o-nitro-benzenesulfonyl chloride (2.40
g) in 40 ml of dry dichloromethane was added dropwise
over a pertod of 1.5 hours to a solution of 5-O-t-butyl-
dimethylsilyl-22,23dihydro-avermectin = B; aglycone
(2.30 g), dimethylaminopyridine (1.7 g), tetrabutylam-
monium iodide (4.6 g) and diisopropylethylamine (2.77
ml) in 40 ml of dry dichloromethane. The resulting
solution was stirred at room temperature for 16.5 hours
then partitioned between dichloromethane (20 ml) and
IM aqueous NaH;PO4 (40 ml). The organic layer was
washed with IN HCl (40 ml) and water (40 ml} then
dried over MgSQy, filtered, and evaporated. The
orange-brown tarry residue was extracted repeatedly
with 30 ml portions of hot ether until analytical TLC
indicated that all of the product had been extracted. The
combined ether extracts were dried over MgSQy4, fil-
tered, and evaporated. The residue was purified on a
silica gel column eluted with 99 acetone in hexane to
afford 1.36 g of a white foam (R/0.38) which was identi-
fied by '"H NMR and mass spectrometry as 5-O-t-butyl-
dimethylsi]yl-l3-beta-i0d0—l3-deoxy-22,23-dihydm-
avermectin Bj-aglycone. An additional 601 mg of im-
pure material was obtained by concentration of frac-
tions containing the product plus impurities.

EXAMPLE 5

3-0O-t butyldimethylsilyl-13-beta-iodo-1 3-deoxy
avermectin B-aglycone

Application of the procedure described above (Ex-
ample 4) for the preparation of 3-O-t-butyldimethylsi-
lyl-13-beta-iodo-13-deoxy-22,23-dihyro-avermectin B |-
aglycone to 5-O-t-butyldimethylsilyl-avermectin Bag-
lycone affords 5-O-t-butyldimethylsilyl-13-beta-iodo-
13-deoxy-avermectin Bj-aglycone which is identified
by 'H NMR and mass spectrometry.
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EXAMPLE 6

3,23-bis-O-t-butyldimethylsilyl-13-beta-iodo-13-deoxy-
avermectin B-aglycone

Toluenesuifonic anhydride (3.0 g) was added to a
solution of 5,23-bis-O-t-butyldimethylsilyl-avermectin
Bx-aglycone (1.5 g), dimethylaminopyridine (1.1 g), and
diisopropylethylamine (2.2 ml) in 15 ml of deutero-
chloroform (note that deuterochloroform is used as the
solvent so that the reaction may be followed easily by
NMR, alternatively chloroform may be used as the
solvent and the reaction allowed to proceed for a prede-
termined time). The mixture was stirred at room tem-
perature for 16 hours then partitioned quickly between
dichloromethane (25 ml) and water (25 ml). The aque-
ous layer was extracted with dichloromethane (3 X25
ml) and the combined organic layers dried over
MgSQy, filtered and evaporated. The resulting orange
o1l was dissolved 1n 25 ml of dry dimethyHormamide
then potassium iodide (3.3 g) was added. The mixture
was stirred at 60° C. for 75 minutes then cooled to room
temperature and partitioned between ether (50 ml) and
water (50 ml). The aqueous layer was extracted with
ether (3 X 50 ml) and the combined organic layers dried
over MgSQy, filtered and evaporated. The residue was
purified on a silica gel column eluted with 49 acetone
in hexane to afford 520 mg of a white foam (R, 0.20)
which was identified by |H NMR and mass spectrome-
try as 3,23-bis-O-t-butyldimethylsilyl-13-beta-iodo-13-
deoxy-avermectin Bj-aglycone. Elemental analysis:
calculated for C46H77058171: C, 58.70; H, 8.24; Found:
C, 58.79; H, B.52.

EXAMPLE 7
13-beta-10do-13-deoxy-avermectin Aj-aglycone

Application of the procedure described above (Ex-
ample 4) for the preparation of 5-O-t-butyldimethylsi-
lyl-13-beta-iodo-13-deoxy-22,23-dihydro-avermectin
Bi-aglycone to avermectin Aj-aglycone affords 13-
beta-iodo-13-deoxy-avermectin Aj-aglycone which is
identified by '"H NMR and mass spectrometry.

EXAMPLE 8

5-O-t-butyldimethylsilyl-13-ep1-22,23-dthydro-aver-
mectin Bi-aglycone

Silver trifluoromethanesulfonate (118 mg) was added
to a solution of 5-O-t-butyldimethylsilyl-13-beta-iodo-
13-deoxy-22,23-dihydro-avermectin Bj-aglycone (371
mg) and 2,6-lutidine (0.081 ml) in 4 ml of 9:1 tetrahy-
drofuran:water. The mixture (white precipitate) was
stirred at room temperature for 45 minutes then diluted
with ether (5 ml) and hiltered. Water (3 ml) was added
to the filtrate and the pH adjusted to ca. 3 by addition of
2N HCI. The aqueous layer was extracted with ether (3
ml) and the combined organic layers dried over
MgSO;, filtered and evaporated. The residue was chro-
matographed on two 2 mm silica gel plates eluted four
times with 339 ether in hexane to afford 144 mg of a
white foam (R,0.48) which was identified by tH NMR
and mass spectrometry as 5-O-t-butyldimethylsilyl-13-
epi-22,23-dihydro-avermectin Bj-aglycone.

EXAMPLE Y

5-O-t-butyldimethylsilyl-13-epi-avermectin
Bi-aglycone

Application of the procedure described above (Ex-
amnla Y fiar the nrenaration nf S.Outhintvidimethvelgss
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lyl-13-epi-22,23-dihydro-avermectin  Bj-aglycone
5-0O-t-butyldimethylsilyl-13-beta-iodo-13-deoxy-aver-
mectin Bj-aglycone affords 5-O-t-butyldimethylsilyl-
13-epi-avermectin Bj-aglycone which 1s identified by
'H NMR and mass spectrometry.

EXAMPLE 10

5,23-bis-0O-t-butyldimethylsilyl-13-epi-avermectin
Bj:-aglycone

to

Silver trifluoromethanesulfonate (410 mg) was added
to a solution of 5,23-bis-O-t-butyldimethylsilyl-13-beta-
10do-13-deoxy-avermectin B-aglycone (520 mg) and
2,6-1utidine (0.37 ml) in 9 ml of 9:1 tetrahydrofuran:wa-
ter. The mixture (yellow-white precipitate) was stirred
at room temperature for 45 minutes then partitioned
between ether (30 ml) and 0.1N HCI (25 ml). The layers
were separated and the organic layer was washed with
25 ml of 5% aqueous NaHCOj then dned over MgSOyq,
filtered and evaporated. The residue was chromato-
graphed on four 1.5 mm silica gel plates eluted twice
with 33% ether in hexane to afford 280 mg of a white
foam (Ry0.45) which was identified by |H NMR and
mass spectrometry as 5,23-bis-O-t-butyldimethylsilyl-
13-epi-avermectin B; aglycone. Elemental analysis: cal-
culated for CigH73800S17: C, 66.46; H, 9.46; Found: C,
66.25; H, 9.20.

EXAMPLE 11
13-epi-avermectin Aj-aglycone

Application of the procedure described above (Ex-
ample 8) for the preparation of 5-O-t-butyldimethylsi-
lyl-13-epi1-22,23-dihydro-avermectin  Bj-aglycone to
13-beta-iodo-13-deoxy-avermectin Aj-aglycone affords
I3-epi-avermectin Aj-aglycone which is identified by
I'H NMR and mass spectrometry.

EXAMPLE 12

I'-fluoro-4'-(4"'-O-t-butyldimethylsilyl-oleandrosyl)-
oleandrose

Diethylaminosulfur trifluoride (0.325 ml) was added
to a cold (—20° C.) solution of 686 mg of 4'-(4"-O-t-
butyldimethylsilyl-oleandrosyl)-oleandrose (prepared
as described in Blizzard et al J. Org. Chem. 1989, 54,
1756) in 7 ml of dry dichloromethane. The cold bath
was removed and the solution stirred at room tempera-
ture for 15 minutes then cooled to 0° C. Methanol (0.5
ml) was added and the solution was stirred at 0° C. for
two minutes. Saturated aqueous NaHCQO3 (4 ml) was
added and the layers were separated. The aqueous layer
was extracted with ether (4 X4 ml) and the combined
organic layers dried over MgS8Qy, filtered and evapo-
rated. The residue was chromatographed on a silica gel
column eluted with 25% ether in hexane to afford 473
mg of a syrup (R, 0.23) which was identified by 'H
NMR and mass spectrometry as 1'-fluoro-4'-(4"'-O-t-
butyldimethylsilyl-oleandrosyl)-oleandrose.

EXAMPLE 13

1'-phenylthio-4’-(4"-O-t-butyldimethylsilyl-olean-
drosyl)-oleandrose

Tributylphosphine (0.426 ml) was added to a solution
of 4'-(4”-O-t-butyldimethylsilyl-oleandrosyl)-olean-
drose (600 mg) and phenyl disulfide (373 mg) in 5 ml of

dry benzene. The solution was stirred at room tempera-
tnre for 44 honrs then the olvent was evanonrated and
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the residue chromatographed on a silica gel column
eluted with 25% ether in hexane to afford 680 mg of a
syrup which was identified by 'H NMR and mass spec-
trometry as I'-phenylthio—4"-(4”-0-t-butyldimethylsiIyl-—
oleandrosyl)-oleandrose (mixture of isomers at C-1,
avermectin numbering). The anomeric mixture can be
separated by chromatogaphy on silica gel if desired.

EXAMPLE 14

| '-(2-pyridylthio)-4'-(4"-O-t-butyldihmethylsilyl-olean-
drosyl)-oleandrose

Tributylphosphine (1.08 ml) was added to a solution
of 4’-(4”-0-t—butyldimethylsi]yl-oleandrosyl)-nlean-
drose (1.826 g) and 2,2'-dipyridyl disulfide (956 mg) in
15 ml of dry dichloromethane. The solution was stirred
at room temperature for 23 hours then the solvent was
evaporated. The residual dark yellow ol was chromato-
graphed on a silica gel column eluted with 20% ethyl
acetate in hexane to afford 1.78 g of a colorless syrup
(R;0.24) which was identified by 'H NMR and mass
spectrometry as 1’-(2-pyridylthio-4’-(4"-O-t-butyldime-
thylsilyl-oleandrosyl)-oleandrose (mixture of iIsomers at
C-1’, avermectin sumbering).

EXAMPLE 15

] '-phenyIthio-4'-(4”-acet}rlamino-4"deoxy—olean-
drosyl)-oleandrose

One milliliter (1 ml) of a deprotection reagent solu-

tion consisting of a mixture of 25 g of hydrogen fluoride 10

pyridine complex, 10 ml of pyridine, and 27.5 ml of
tetrahydrofuran was added to a solution of 46 mg of
1’-phenylthio-4’-—(4"-O-t-buty]dimethylsilylolean-

drosyl)-oleandrose in 2 ml of dry tetrahydrofuran. The
solution was stirred at room temperature for 67 hours
then cooled in an ice bath as pyridine (2 ml) was added
followed by ether (4 ml) and 5% aqueous NaHCO3 (4
ml). The layers were separated and the aqueous layer
was extracted with ether (33 ml). The combined or-
ganic layers were dried over Mg8Q4, filtered and evap-
orated to a yellow oil. This crude product (1'-phe-
nylthio-4'-oleandrosyl-oleandrose) was dissolved in 2
ml of dry dichloromethane and the resulting solution
was added to a cold (—78° C.) oxidizing reagent gener-
ated by adding oxalyl chloride (0.024 mi) to a cold
(—78° C.) solution of DMSO (0.045 ml) in 2 m] of dry
dichloromethane and stirring the resulting solution for
20 minutes at — 78° C. The resulting mixture was stirred
at —78° C. for 1 hour then triethylamine (0.125 ml) was
added and the cold bath removed. The mixture was

Jllowed to warm to room temperature and stirred at 30

room temperature for 1 hour. The mixture was diluted
with dichloromethane (3 ml) then water (5 ml) was
added and the layers were separated. The aqueous layer
was extracted with dichloromethane (3 X5 ml) and the
combined organic layers dried over MgSOs4, filtered
and evaporated to a yellow oil. This crude oxidation
product (1’-phenylthi0-4'-(4"-oxo-4*’-deoxy-olean-
drosyl)-oleandrose) was dissolved in 2 ml of dry metha-
2ol then 3A molecular sieves were added followed by

ammonium acetate (69 mg). The mixture was stirred at 60

room temperature for 30 minutes then sodium cyano-
borohydride (20 mg) was added in two portions (ca. 10
minutes apart). The mixture was stirred at room temper-
ature for 2 hours then centrifuged. The supernatant was
decanted and the solid residue washed with dichloro-
methane (2 X3 ml). The combined supernatants were
added to 3 ml of 5% aqueous NaHCOj. The layers were
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romethane (2X3 ml). The combined organic layers
were dried over MgSOj, filtered and evaporated to a
yellow oil. The crude amine (1’-phenylthio-4"-(4"'-
amino-4"'-deoxy-oleandrosyl)-oleandrose) thus obtained
was dissolved in 2 ml of dry dichloromethane then
triethylamine (0.038 ml) was added. The mixture was
cooled to 0° C. then acetyl chloride (0.010 ml) was
added and the mixture stired at 0° C. for | hour. Water
(2 ml) was then added followed by dichloromethane (2
ml). The layers were separated and the aqueous layer
extracted with dichloromethane (2 X3 ml). The com-
bined organic layers were dried over MgSO;q, filtered
and evaporated to a yellow oil. The crude product was
chromatographed on a 1 mm silica gel plate eluted with
3.59% methanol in dichloromethane to afford 12 mg of a
colorless syrup (Ry0.22) which was identified by 'H
NMR and mass spectrometry as I'-phenylthio-4'-(4"-
acetylamino-4”—deoxy-oleandrosyl)—-oleandrose.

EXAMPLE 16

1'-(Z-pyridyllhio)-4'-(4”-acelylamino-4”deoxy-olean-
drosyl)-oleandrose

Tetrabutylammonium fluoride (2.3 m} of a 1M solu-
tion in tetrahydrofuran) was added to a solution of 290
ml of I'-(2-pyridylthio)—4’-(4"-O-t-bulyldimethylsilyl-
oleandrosyl)-oleandrose in 6 ml of dry tetrahydrofuran.
The solution was stirred at room temperature for 30
minutes then partitioned between ether (3 ml) and satu-
rated aqueous NaCl (3 ml). The layers were separated
and the aqueous layer was extracted with ether (3 X3

5 ml). The combined organic layers were dried over
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MgSO;, filtered and evaporated to an otl. This crude
product (] "-pyridylylthio)-4'-oleand rosyl-oleandrose)
may be purified by column chromatography on stlica
gel if desired. Application of the oxidation/reductive
amination/acetylation procedure described above (Ex-
ample 15) for the preparation of 1’-phenylthio-4'-(4"-
acetylamin0-4"-deoxy-oleandrosyl)—o]eandrose to 1'-(2-
pyridylylthio)-4'-nleandrosyl—oleandrose affords 1'-(2-
pyridyly]thio}-4'-(4”—acety]amino-tf’-deoxy—olean—
drosyl)-oleandrose (separable mixture of isomers at
C-4"") which is identified by 'H NMR and mass spec-
trometry.

EXAMPLE 17

1’-fluoro-4'-(4"-acetylamino-4"'-deoxy-oleandrosyl)-
oleandrose

Diethylaminosulfur trifluoride (0.100 ml) 1s added to
a cold (—20° C.) solution of 200 mg of 1'-phenylthio-4'-
(4 -acetylamino-oleandrosyl)-oleandrose in 4 m} of dry
dichloromethane then N-bromo-succinimide (122 mg) 1s
added. The mixture is stirred at —20° C. for 20 minutes
then 3 ml of 5% aqueous NaHCOj; is added. The layers
are separated and the aqueous layer is extracted with
dichloromethane (2 X 3 ml). The combined organic lay- -
ers are dried over MgSOs, filtered and evaporated. The
residue is chromatographed on a silica gel column 10
afford 1'-fluoro-4'-(4"-acetylamino-oleandrosyl)-olean-
drose (separable mixture of isomers at C-4") which is
identified by 'H NMR and mass spectrometry.
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EXAMPLE 18 EXAMPLE 21i
4”,5,23-tris-O-t-butyldimethylsilyl-13-epi-avermectin 5-O-t-butyldimethylsilyl-4""-acetylamino-4"-deoxy-13-
B> epi-avermectin B

A solution of 560 mg of 1'-(2-pyridylthio)-4'-(4"'-O-t-
butyldimethylsilyl-oleandrosyl)-oleandrose in 4 ml of
dry acetonitrile was added slowly dropwise (over a
period of 30 minutes) to a cold (0° C.), rapidly stirring,
solution of 3§,23-bis-O-t-butyldimethylsilyl-13-epi-aver-
mectin Bz-aglycone (500 mg) and silver trifluorometh-
anesulfonate (270 mg) in 6 ml of dry acetonitrile. The
resulting mixture (gummy precipitate) was stirred vig-
orously at 0° C. for 3 hours then partitioned between
ethyl acetate (15 ml) and 5% aqueous NaHCQ; (10 ml).
The layers were separated with the aid of a centrifuge.
The aqueous layer was extracted with ethyl acetate
(4 X6 mi). The combined organic layers were dried
over MgSOy, filtered, and evaporated. The residue was
chromographed on a silica gel column eluted with 9%
acetone in hexane to afford 270 mg of a white foam
which was identified by '"H NMR and mass spectrome-
try as 47,5,23-tns-O-t-butyldimethylsilyl-13-epi-aver-
mectin Bz. A by-product of the reaction was also ob-
tained as a white foam (250 mg) and identified by 'H
NMR and mass spectrometry as 4",5,23-tris-O-t-butyl-
dimethylsilyl-1',13-bis-epi-avermectin B> (1'-beta iso-
mer).

EXAMPLE 19

4",5,23-tr1s-O-t-butyldimethylsilyl-13-epi-avermectin
B> (alternative procedure)

A solution of 265 mg of 1'-fluoro-4'-(4""-O-t-butyl-
dimethylsilyl-oleandrosyl)-oleandrose in 7 ml of dry
ether was added dropwise to a cold (0° C.) mixture of
3,23-bis-O-t-butyldimethylsilyl-13-epi-avermectin ~ B;-
aglycone (260 mg), silver perchlorate (81 mg), tin (II)
chloride (74 mg), 3A molecular sieves and 7 ml of dry
ether. The resulting mixture was stirred vigorously at 0°
C. for 2 hours then diluted with ether (5 ml) and centri-
fuged. The supernatant was decanted and the residue
washed with ether (2 X5 ml). The combined superna-
tants were washed with 59 aqueous NaHCQO; (7 ml)
and saturated NaCl (7 ml) then dried over MgSQy,
filtered, and evaporated. The residue was chromato-
graphed on four 1.5 mm silica gel plates eluted twice
with 9% acetone in hexane to afford 80 mg of a white
foam (R;0.27) which was identified by 'H NMR and
mass spectrometry as 4",5,23-tris-O-t-butyldimethylsi-
lyl-13-epi-avermectin B;.

EXAMPLE 20

5-O-t-butyldimethylsilyl-4"'-acetylamino-4’’-deoxy-13-
epi-22,23-dihydro-avermectin B;

Substitution of 1'-fluoro-4'-(4"-acetyl-amino-4"'-
deoxy-oleandrosyl)-oleandrose for {’-fluoro-4’-(4”-O-t-
butyldimethyisilyl-oleandrosyl) -oleandrose and 5-O-t-
butyldimethylsilyl-13-epi-22,23-dihydro-avermectin B;-
aglycone for $5,23-bis-O-t-butyldimethylsilyl-13-epi-
avermectin Bj-aglycone in the procedure of Example
19 affords 5-O-t-butyldimethylsilyl-4"-acetylamino-4"'-
deoxy-13-epi-22,23-dihydro-avermectin B, (separable
mixture of isomers at C-4"") which is identified by 'H
NMR and mass spectrometry.
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Substitution of 1'-(2-pyridylthio)-4'-(4"-acetylamino-
4"'-deoxy-oleandrosyl)-oleandrose for 1°-(2-pyridyl-thi-
0)-4'-(4"”-O-t-butyldimethylsilyl-oleandrosyl)oleandrose
and 5-O-t-butyldimethylsilyl-13-epi-avermectin = B;-
aglycone for 5,23-bis-O-t-butyldimethyl-silyl-13-epi-
avermectin Bz-aglycone in the procedure of Example
18 affords 5-O-t-butyldimethylsilyl-4”-acetylamino-4"'-
deoxy-13-epi-avermectin B; which is identified by 'H
NMR and mass spectrometry.

EXAMPLE 22
4",5-b1s-O-t-butyldimethylsilyl-13-epi-avermectin B

Substitution of 5-O-t-butyldimethylsilyl-13-epi-aver-
mectin Bj-aglycone for 5,23-bis-O-t-butyldimethylsilyl-
13-epi-avermectin B;-aglycone in the procedure of Ex-
ample 18 affords 4",5-bis-O-t-butyldimethylsilyl-13-epi-
avermectin B, which is identified by 'H NMR and mass
spectrometry.

EXAMPLE 23
4”-0O-t-butyldimethylstlyl-13-epi-avermectin A

Substitution of 13-epi-avermectin Aj-aglycone for
5,23-bis-O-t-butyldimethylsilyl-13-epi-avermectin  B;-
aglycone in the procedure of Example 18 affords 4”-O-
t-butyldimethylsilyl-13-epi-avermectin A1 which is
identified by 'H NMR and mass spectrometry.

EXAMPLE 24
13-epi-avermectin B>

A deprotection reagent solution was prepared by
cautiously adding 25 g of hydrogen fluoride pyridine
complex to a cold (0° C.) mixture of pyridine (12.5 ml)
and tetrahydrofuran (27.5 ml. A portion (2.1 ml) of the
resulting reagent solution was added to a cold (0° C.)
solution of 389 mg of 4",5,23-tris-O-t-butyldimethylsi-
lyl-13-epi-avermectin Ba in 7 ml of dry tetrahydrofuran.
The resulting solution was stirred at room temperature
for 112 hours then cooled in an ice bath as pyridine (6
ml) was added followed by ethyl acetate (10 ml) and 5%
aqueous NaHCOj3 (12 ml). The layers were separated
with the aid of a centrifuge and the aqueous layer was
extracted with ethyl acetate (3 X6 ml). The combined
organic layers were dried over MgS0O4 and K,COs,
filtered and evaporated to a light yellow oil (287 mg).
The crude product was combined with an additional
260 mg of crude product obtained from an identical
experiment. The consolidated crude product was chro-
matographed on a silica gel column eluted with 25%
acetone in hexane to afford 370 mg of a white foam (R,
0.09) which was identified by TH NMR and mass spec-
trometry as 13-epi-avermectin B;. Elemental analysis:
calculated for C4sH7405: C, 64.70; H, 8.47: found: C,
64.40; H, 8.47.

EXAMPLE 25

4”-acetylamino-4''-deoxy-13-epi-22,23-dihydro-aver-
mectin Bj

Substitution of 5-O-t-butyldimethylsilyl-4”-acetyl-
amino-4'-deoxy-13-ep1-22,23-dihydro-avermectin B
for 47,5,23-tris-O-t-butyldimethylsilyl -13-epi-avermec-
tin By in the deprotection procedure of Example 24
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affords 4"-acetylamino-4"-deoxy 13-epi-22,23-dihydro-
avermectin B (separable mixture of isomers at C-4'")
which is identified by 'H NMR and mass spectrometry.

EXAMPLE 26

4"”-acetylamino-4"-deoxy-13-epi-4''-deoxy-avermectin
B,

Substitution of 5-O-t-butyldimethylsilyl-4”-acetyl-
amino-4"'-deoxy-13-epi-avermectin B for 4",5,23-tris-
O-t-butyldimethylsilyl-13-epi-avermectin B; in the de-
protection procedure of Example 24 affords 4'-
acetylamino-4""-deoxy-13-epi-avermectin B (separable
mixture of isomers at C-4'") which is identified by 1H
NMR and mass spectrometry.

EXAMPLE 27

13-epi-avermectin B

Substitution of 4",5-bis-O-t-butyldimethylsilyl-13-epi-
avermectin B, for 4",5,23-tris-O-t-butyldimethylsilyl-
I3-epi-avermectin B; in the deprotection procedure of
Example 24 affords 13-epi-avermectin B; which is iden-
tified by 'H NMR and mass spectrometry.

EXAMPLE 28

| 3-epi-avermectin A

Substitution of 4”-O-t-butyldimethylsilyl-13-epi-aver-
mectin A for 4”,5,23-tris-O-t-butyldimethylsilyl-13-epi-
avermectin B; in the deprotection procedure of Exam-
ple 24 affords 13-epi-avermectin A; which is identified
by 'H NMR and mass spectrometry.

EXAMPLE 29
5-O-t-butyldimethylsilyl-13-epi-avermectin B

tert-Butyldimethylsilyl chloride (22 mg) is added to a
solution of 13-epi-avermectin B; (100 mg) and imidazole
(24 mg) in 1.5 ml of dry dimethylformamide and the
solution is stirred at room temperature for 24 hours. The
reaction mixture is partitioned between ether (15 ml)
and water (15 ml). the aqueous layer is extracted with
ether (20 ml) and the combined organic layers are dried
with magnesium sulfate, filtered and evaporated. The
crude product is chromatographed on a 1 mm silica gel
plate eluted with 25% acetone in hexane to afford 5-O-t-
butyldimethylsilyl-13-epi-avermectin B| which is identi-
fied by 'H NMR and mass spectrometry.

EXAMPLE 30

3-O-t-butyldimethylsilyl-4"-amino-4"'-deoxy-13-epi-
avermectin B

Oxalyl chloride (0.022 m]) is added to a cold (—78°
C.) solution of DMSO (0.042 ml) in 2 ml of dry dichlo-
romethane and the resulting solution is stirred for 20
minutes at —78° C. A solution of 5-O-t-butyldimethylsi-
lyl-13-epi-avermectin By (80 mg) in 2 ml of dry dichlo-
romethane is then added. The resulting mixture is
stirred at — 78° C. for 1 hour then triethylamine (0.115
ml) is added and the cold bath is removed. The mixture
i1s allowed to warm to room temperature and is stirred at
room temperature for 1 hour. The mixture is diluted
with dichloromethane (3 ml) then water (5 ml) is added
and the layers are separated. The aqueous layer is ex-
tracted with dichloromethane (3 X5 ml) and the com-
bined organic layers are dried over MgSQ,, filtered and
evaporated. This crude oxidation product (5-O-t-butyl-
dimethylsilyl-4"-0x0-13-epi-avermectin B)) is dissolved
in 2 ml of dry methanol then 3A molecular sieves are
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added followed by ammonium acetate (62 mg). The
mixture is stirred at room temperature for 30 minutes
then sodium cyanoborohydride (18 mg) is added in two
portions (ca. 10 minutes apart). The mixture is stirred at
room temperature for 2 hours then centrifuged. The
supernatant is decanted and the solid residue is washed
with dichloromethane (2 X3 ml). The combined super-
natants are added to 3 ml of 5% aqueous NaHCO;. The
layers are separated and the aqueous layer is extracted
with dichloromethane (2 X 3 ml). The combined organic
layers are dried over MgSQ,, filtered and evaporated.
The residue i1s chromatographed on a silica gel column
to afford 5-O-t-butyldimethylsilyl-4’-amino-4"-deoxy-
13-epi-avermectin B; (separable mixture of isomers at
C-4”) which is identified by 'TH NMR and mass spec-

trometry.

EXAMPLE 31
4"-amino-4''-deoxy-13-epi-avermectin B

Substitution of 5-O-t-butyldimethylsilyl-4’-amino-4''-
deoxy-13-epi-avermectin B; for 47,5,23-tris-O-t-butyl-
dimethylsilyl-13-epi-avermectin B; in the deprotection
procedure of Example 24 affords 4’-amino-4"'-deoxy-
I3-epi-avermectin B (separable mixture of isomers at
C-4”) which is identified by 'H NMR and mass spec-

trometry.

EXAMPLE 32

3-O-t-butyldimethylsilyl-4“-methylamino-4''-deoxy-13-
epi-avermectin Bj

Substitution of methylamine hydrochloride for am-
monium acetate in the reductive amination procedure of
Example 30 affords 5-O-t-butyldimethylsilyl-4”-methyl-
amino-4"-deoxy-13-epi-avermectin B| (separable mix-
ture of isomers at C-4"") which is identified by 'H NMR
and mass spectrometry.

EXAMPLE 33
4”-methylamino-4"-deoxy-13-epi-avermectin B,

Substitution of 5-O-t-butyldimethylsilyl-4”’-methyl-
amino-4"-deoxy-13-epi-avermectin B; for 4',5,23-tris-
O-t-butyldimethylsilyl-13-epi-avermectin B3 in the de-
protection procedure of Example 24 affords 4”-
methylamino-4"-deoxy-13-epi-avermectin B (separable
mixture of isomers at C-4") which is identified by 'H
NMR and mass spectrometry.

EXAMPLE 34
3-0x0-13-epi-avermectin B>

Manganese dioxide (65 mg) is added to a solution of
100 mg of 13-epi-avermectin B; in 5 ml of dry benzene.
The resulting mixture is stirred at 35° C. until complete
by analytical thin layer chromatography. The mixture is
partitioned between water (5 ml) and ether (5 ml) and
the aqueous layer extracted with ether (3 x5 ml). The
combined organic layers are dried over MgSQy, filtered
and evaporated. The crude product is chromato-
graphed on a silica gel plate to afford 5-0xo0-13-epi-aver-
mectin By which is identified by !H NMR and mass

spectrometry.



Page 14 of 14

5,055,454

23
EXAMPLE 35

13-epi-avermectin B;-5-oxime

Hydroxylamine hydrochloride (50 mg) 1s added to a 5

solution of 5-oxo-13-epi-avermectin B3 (75 mg) in 3 ml
of dry pyridine. The solution is stirred at room tempera-
ture until complete by analytical thin layer chromatog-
raphy. The mixture 1s partitioned between water (7 ml)
and ether (7 ml) and the aqueous layer extracted with
ether (3 X 5 ml). The combined organic layers are dried
over MgSOy, filtered and evaporated. The crude prod-
uct is chromatographed on a silica gel plate to afford
13-epi-avermectin By-5-oxime which is identified by 'H
NMR and mass spectrometry.

What is claimed 1s:

1. A compound having the formula:

OCH;

wherein:

R4=0OH, NH;, NH-loweralkyl, NH-loweralkyanol;

R;s=0H, oxime, OCHz3;

R,3=H, OH; (provided R23 15 not OH if the broken
line indicates a double bond);

R;5=loweralkyl; and

the broken line indicates a single or double bond at
the 22,23 position, provided that the broken line 18
not a single bond if R4>=0H and R;i3=H.

2. The compound of claim 1 wherein

R4 =0H, NH;, NH-loweralkyl, NH-loweralkyan-
ovl;

Rs=0H,;

R23=H: OH:

R,s=isopropyl or secbutyl; and

the broken line indicates a single or double bond.
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3. The compound of claim 2 wherein

R4 =OH, NH-methyl, NH-acetyl;

Rs;=0H;

R,3=H, OH, and

the broken line indicates a single or double bond.

4. The compound of claim 3 wherein

R4»=0H, NH-acetyl;

R;3=H, OH; and

the broken line indicates a single or double bond.

5. The compound of claim 1 which s ] 3-epi-avermec-
tin B;.

6. The compound of claim 1 which is 13-epi-avermec-
tin Bs.

7. The compound of claim 1 which s 13-epi-avermec-
tin Aj.

8. The compound of claim 1 which is 4" -epi-amino-
4”—deoxy-l3-epi-avermectin B,.

9. The compound of claim 1 which is 4" -epi-
methylamino-4"-deoxy-1 3-epi-avermectin Bj.

10. The compound of claim 1 which is 4"-epi-
melhylamin0-4"-deoxy-l3-Epi-avermectin B.

11. The compound of claim 1 which is 4" -epi-
acetylamino-4''-deoxy-1 3-epi-avermectin Bj.

12. The compound of claim 1 which is 4"-epi-
acetylamino-4"'-deoxy-1 3-epi-22,2 3-dihydro-avermectin
Bi.

13. The compound of claim 1 which is 4"-
acety]amino-4”-deoxy-13-avermectin B:.

14. The compound of claim 1 which i1s 4
acetylamino-4''-deoxy-1 3-epi-avermectin Ba.

15. The compound of claim 1 which 1s 13-epi-aver-
mectin Bi-5-oxime.

16. The compound of claim 1 which is 13-epi-aver-
mectin Bj-5-oxime.

17 A method for the treatment and/or prevention of
parasitic infections in animals which comprises treating
such animals with an effective amount of a compound
of claim 1.

18. A method for the treatment of pests of plants
which comprises treating said plants or the soil in which
they grow with an effective amount of a compound of
claim 1.

19. A composition useful for the treatment and/or
prevention of parasitic infections of animals which is
comprised of an inert carrier and a compound of claim
1.

20. A composition useful for the treatment of pests of
plants which 1s comprised of an inert carrier and a com-

pound of claim 1.
* % * x 3
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